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Abstract
In seeking both to tackle climate change and ensure that the UK has a secure supply 
o f affordable energy, the UK Government is proposing a significant expansion in the 
generation o f energy from renewable sources. Under the Renewable Energy 
Directive, the UK is committed to providing renewable sources for 15% o f its total 
energy use by 2020. While there is considerable theoretical potential, a number of 
socio-economic constraints threaten the achievement o f this target. This research 
develops a more quantitative understanding o f such constraints for two renewable 
energy sources with significant potential; perennial energy crops, and onshore wind 
power. For perennial energy crops such as Short Rotation Coppice (SRC) Willow, 
and Miscanthus, a major constraint is the extent to which UK farmers will commit 
land to the production o f these relatively novel crops. For onshore wind power, a key 
constraint is that o f public perception, related primarily to the visual impact on 
landscapes. The research uses a number o f approaches, drawing on social- 
psychology techniques, mathematical programming, and cost-benefit analysis, to 
develop a better understanding o f the nature and extent o f key barriers. As a result, a 
number o f policy relevant findings lead to the identification o f cost-effective ways in 
which barriers to development can be addressed.
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Chapter 1
1.0 Thesis Structure
The first chapter o f this thesis introduces the area o f research, and briefly outlines the 
policy context, the specific research questions, and the methods and approaches that 
are used and reported on in the four chapters that follow.
These four main chapters o f the thesis are based on papers that have either been 
published in an academic journal (Chapters 2, 3 and 5) or in conference proceedings 
(Chapter 4). Accordingly, as is the case with such journal papers, relatively little 
space was available for methodological and critical review. Furthermore, these 
chapters that draw on published articles have not simply been reprinted, but have 
been edited to make them appropriate for the thesis. Therefore, the approaches and 
methods used in the reported studies are briefly reviewed at appropriate places in the 
individual chapters, with a more in depth critical review taking place in Chapter 6.
The four published papers each have a number o f authors, and the division o f labour 
and responsibilities are as follows:
Chapter 2 is based on Sherrington, C., Bartley, J. and Moran, D., 2008. Farm-level 
constraints on the domestic supply o f energy crops in the UK, Energy Policy 36, 
2504 - 2512. Justin Bartley o f the Institute for European Environmental Policy was 
responsible for arranging venues for the three focus groups, recruiting farmers, and 
writing up his own notes from the meetings which were then cross-checked by the 
lead author, to ensure that his own reporting o f the findings had covered all the 
relevant points. The lead author prepared the questions for the focus groups, and 
wrote up notes based on the farmers’ statements, which were also recorded on an 
audio tape. To enable the lead author and Justin Bartley to concentrate on noting 
responses, the focus groups were facilitated by an independent consultant. The lead 
author attended the first focus group, and wrote up his notes from that group having
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listened again via the recording. The lead author did not attend the next two focus 
groups, but listened through twice to the recordings, and checked his notes against 
those o f  Justin Bartley. The lead author wrote the paper, including the introduction to 
the relevant agricultural and energy policies, consideration o f levels o f energy crop 
uptake to date and the key recommendations. Dominic Moran reviewed the final 
paper before submission. The published paper is reproduced in full as Appendix 
A.2.0
Chapter 3 is based on Sherrington, C. and Moran, D., 2008. Farmer attitudes and 
intentions towards the adoption o f perennial energy crops in the UK: An application 
o f the Theory o f  Planned Behaviour, Proceedings o f the 16lh European Biomass 
Conference, Valencia, Spain, 5th June 2008. The lead author prepared and trialled the 
questionnaires, undertook all the statistical analysis and wrote the paper. Dominic 
Moran reviewed the paper before submission. This conference paper is reproduced in 
full as Appendix A.3.0
Chapter 4 is based on Sherrington, C. & Moran, D., (2010) Modelling farmer uptake 
o f perennial energy crops in the UK, Energy Policy 38, 3567 - 3578. The lead author 
undertook all o f the modelling and wrote the paper, which was reviewed by Dominic 
Moran before submission. The published paper is reproduced in full as Appendix 
A.4.0
Chapter 5 is based on Moran, D. & Sherrington, C., 2007. An economic assessment 
o f windfarm power generation in Scotland including externalities, Energy Policy 35, 
2811-2825. While C. Sherrington was in fact the lead author, undertaking all o f  the 
modelling and preparation o f the paper, due to a misunderstanding during 
submission, the details were incorrectly recorded. The paper was reviewed by 




In seeking both to tackle climate change and ensure that the UK has a secure supply 
o f affordable energy, the UK Government is proposing a significant expansion in the 
generation o f energy from renewable sources (DECC, 2009a). Measures set out in 
the 2007 Energy White Paper were intended to increase the proportion o f overall 
energy needs - that is a combination o f electricity, heat and transport fuel - met by 
renewable sources from their current level o f 1.5% to 5% by 2020 (DTI, 2007). Since 
then the UK has committed to the more ambitious EU-wide target within the 
Renewable Energy Directive to source 20% o f the EU's total energy use from 
renewable sources by 2020 (European Parliament and Council o f  the European 
Union, 2009). The UK’s contribution towards this target is to provide renewable 
sources for 15% of its total energy use by 2020 (European Parliament and Council o f 
the European Union, 2009). This would represent a ten-fold increase in levels o f 
renewable generation over the next decade.
The UK Government’s Renewable Energy Strategy, which outlines how this level o f 
generation could be achieved, indicates that with the largest wind resource in Europe 
wind power could provide two-thirds o f the U K ’s renewable electricity by 2020, 
while around 30% o f the UK’s overall renewable energy target, for heat, transport 
fuel and electricity, could come from biomass (DECC, 2009a).
There are a number o f barriers that threaten the attainment o f these targets. For 
biomass energy, the potential for imports notwithstanding, a key consideration is 
whether UK farmers will supply sufficient feedstock. This thesis therefore 
concentrates on barriers to the adoption by farmers o f perennial energy crops such as 
short rotation coppice (SRC) willow, and miscanthus. For wind power, opposition to 
the visual impact o f windfarms, and the way in which the planning system deals with 
this issue has long been seen as a key barrier to development, and this thesis 
therefore considers the way in which the attributes o f onshore wind proposals are 
evaluated.
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The central contention o f this thesis is that a clear understanding o f the nature o f 
these barriers is necessary not only to enable the targets to be achieved, but to ensure 
that they can be achieved in an efficient manner.
This introductory chapter is structured as follows. The potential UK biomass 
resource is briefly outlined below, highlighting the important role o f  perennial 
energy crops in the Government’s ambitions for enhancing the domestic supply o f 
biomass. Having illustrated this potential, a number o f salient barriers to the adoption 
o f  perennial energy crops, as identified in the course o f the research for this thesis, 
are highlighted. The three papers that investigate and develop an understanding o f 
farm level barriers to adoption are then introduced, with a description o f the focus o f 
each, and an explanation o f the way in which each piece o f research develops the key 
arguments.
The potential for further development o f wind power in the UK is then introduced, 
alongside an initial consideration o f the role o f the planning system in assessing 
which projects should proceed, and the extent to which planning can act as a barrier 
to the achievement o f national targets. The fourth paper in the thesis, applying an 
alternative approach to the evaluation o f an onshore windfarm proposal in Scotland, 
is then introduced.
There are some illustrative contrasts between two main areas o f  focus, as well as a 
number o f common themes that became evident through the research. These 
common themes are discussed prior to a more in-depth introduction to the research 
approach to each o f  the papers.
2.1 Barriers to the adoption of perennial energy crops
The term 'biomass' covers a range o f renewable fuels derived from organic matter, o f 
which there are a number o f possible sources in the UK. These include landfill gas, 
sewage gas, forestry, wood waste, conventional agricultural crops such as wheat and 
oilseed rape, straw, perennial energy crops, and agricultural waste (RCEP, 2004; 
Defra, 2007). To increase available biomass, Defra (2007) favours obtaining an
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additional 1 million dry tonnes o f wood per annum from woodland and wood waste, 
more use o f manures and slurries, and a substantial growth in the uptake o f perennial 
energy crops such as short rotation coppice (SRC) willow and miscanthus. O f these 
sources, it is the anticipated change in levels o f perennial energy crops that is most 
dramatic, from under 16,000 hectares (ha) at present to 350,000 ha by 2020. This 
represents approximately a 20-fold increase, and would occupy roughly 6.5% o f UK 
arable and set-aside land (Defra, 2007).
Despite the implementation o f a number o f Government backed schemes to support 
the adoption o f perennial energy crops by UK farmers over the past decade, the area 
o f land allocated to such crops has fallen far short o f stated scheme objectives 
(Sherrington et al., 2008; RELU, 2009). Looking ahead, the research undertaken for 
this thesis suggests that UK farmers are not actually likely to supply perennial energy 
crops to the extent envisaged by the UK Government, unless a number o f barriers to 
their adoption are overcome. Furthermore, while the Government has acknowledged 
that uptake to date has been lower than anticipated, their preferred method o f 
stimulating supply, even if successful, is shown, through this research, to be a more 
expensive approach than could be achieved through directly tackling these barriers. 
The three papers in this thesis that investigate farmer attitudes and intentions towards 
the adoption o f perennial energy crops, include a number o f important 
recommendations for policy makers.
The central argument about the nature o f the barriers to adoption is progressively 
developed through the three papers, with each building upon, and re-inforcing, the 
core findings and policy recommendations.
The first, (Sherrington et ah, 2008) forms the basis for the two subsequent papers by 
reporting the findings o f three focus groups. These involved a mixture o f farmers 
who were already growing perennial energy crops, and those who were considering, 
or had chosen not to grow these crops. Each focus group was undertaken in an area 
where markets for perennial energy crops existed, and where supply contracts were 
available. The research identified a number o f important barriers to adoption for both 
miscanthus and SRC willow, with the findings reported, and the paper referenced, in 
a supporting document to the Gallagher Review (Woods and Black, 2008).
The second paper, (Sherrington & Moran, 2008) took barriers (and drivers) identified 
by the focus groups, and tested the relative importance o f each through application o f 
a social-psychology technique, the Theory o f  Planned Behaviour (Ajzen, 1991). The 
use o f  a postal survey enabled coverage o f  a large enough sample o f farmers to 
ensure that the results were o f statistical significance. Farmers were asked about their 
behavioural intentions, attitudes, social norms and their perception o f behavioural 
control towards adoption o f  perennial energy crops. The results o f this research were 
presented to the TSEC-Biosys consortium, prior to their publication at the 2008 
European Biomass Conference, in Valencia, Spain. The research identified that UK 
farmers were not likely to grow perennial energy crops due to the existence o f  a 
number o f financial (and arguably non-financial) barriers. From these findings a 
number o f  significant recommendations for policy makers were developed.
The third paper, (Sherrington & Moran, 2010) abstracts from the barriers identified 
in the first two papers, and investigates the level o f adoption o f perennial energy 
crops that would theoretically be achieved at different levels o f  gross margin 
(revenue minus variable costs). The linear programming modelling approach treats 
perennial energy crops as ‘another activity’ in which the farmer might engage. The 
results suggest that taking account o f existing support schemes and contracts, 
adoption o f perennial energy crops should be significantly more widespread than at 
present. While theoretically profitable, the disparity between model and reality acts 
to confirm the existence and significance o f the barriers identified by the previous 
papers. Again, a number o f recommendations for policy makers arise from this 
paper.
2.2 Barriers to the development of wind power in the UK
While farmers may not have shown great enthusiasm towards the adoption o f 
perennial energy crops, by stark contrast, what has by some been termed a ‘wind 
rush’ is currently taking place in the UK (Country Guardian, 2009). There exists, due 
to the financial support available through the Renewables Obligation, a considerable 
appetite on the part o f developers to construct and operate windfarms.
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The Government’s Renewable Energy Strategy suggests that meeting the 2020 target 
would require an installed capacity o f approximately 14GW of onshore wind 
(DECC, 2009a). Onshore there is currently 3.2GW installed, 0.8GW under 
construction, and 3.4GW with planning approval -  totalling 7.4GW, which is just 
over half way to meeting the target. There is another 7.4GW awaiting planning 
permission, which, if  approved would be sufficient to meet the 14GW target 
(BWEA, 2009). Subject to planning permission, the Government expects that a large 
proportion o f onshore wind development will take place in Scotland (BERR, 2008).
A significant potential constraint on the attainment o f these targets is therefore, as 
alluded to above, whether sufficient schemes will actually be granted planning 
permission. The issue o f negative public perception o f windfarms, primarily relating 
to the expected visual impact, has caused many applications to be rejected to date. 
Figures released in October 2009 indicate that in the preceding ten months only 25% 
o f windfarm planning applications submitted to local planning authorities (for sites 
o f less than 50MW capacity) were approved, with approvals on subsequent appeal to 
the Planning Inspectorate higher at 62% (BWEA, 2009).
It is the role o f planning authorities to determine, albeit not within the framework of 
a formal cost-benefit analysis, the ‘costs’, especially for negative impacts on 
landscape, and the benefits, such as the predicted carbon savings, that would arise 
from each proposed windfarm. However, without a formal cost-benefit analysis, 
there is no clear metric for authorities to assess whether a particular project delivers 
an overall benefit to society. The process, which is largely descriptive, fails 
effectively to quantify the extent o f the likely visual disamenity, and as such makes 
for a largely subjective decision on the part o f planning authorities as to whether or 
not an individual proposal should proceed. It is even more difficult, using this 
approach, to compare competing projects in different locations, and thus engender a 
level o f consistency in decision making.
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The result o f this, beyond concern among groups such as RenewableUK 1 that targets 
simply won’t be met, is uncertainty over whether the most efficient locations, in 
terms o f  the range o f  associated social costs and benefits, are being granted 
permission. In societal terms, it is desirable to achieve the targets for installed 
capacity in a cost-effective manner, which is something that cannot be ensured under 
the present system.
The fourth paper in this thesis demonstrates an alternative approach, applying non- 
market valuation techniques to place a monetary value on the visual disamenity 
arising from a proposed windfarm. Using this value alongside the monetised benefits 
from avoided carbon emissions, and the financial costs and benefits associated with 
the project, means that proposals can be compared in a framework that allows for 
transparent and consistent assessment. The approach is applied to a proposed (and 
since consented) large windfarm in South Lanarkshire, Scotland. W ider application 
o f such a technique is argued to have the potential to enable selection o f  the most 
efficient projects that should deliver the greatest possible carbon saving from UK 
windfarms at least social cost.
2.3 Common Themes
The core argument o f  this thesis, is that a better understanding is needed o f  these 
barriers to the development o f renewable energy in the UK, in order that targets can 
be achieved, and achieved in an efficient manner. This theme runs through all four 
papers, and in juxtaposing perennial energy crops against wind power, illustrates the 
issues that affect renewable energy technologies (and associated inputs) at different 
stages in their development.
1 The organisation previously known as the British Wind Energy Association
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For perennial energy crops, which for farmers represent a novel crop with associated 
uncertainties, the investigation is essentially focused on private costs and benefits, 
from the farmer’s point o f  view. The research is trying to understand how the 
theoretical benefits, in terms o f financial return, can most cost-effectively be realised, 
and how the real and perceived costs can best be tackled.
For wind, from the private perspective, the benefits already outweigh the costs as can 
be seen from the large number o f planning applications that have been submitted by 
developers. The technology is proven and well understood, and the assessment is 
therefore on the wider societal costs and benefits. However, should perennial energy 
crops be adopted on such a scale as to lead to public concern over visual despoliation 
o f the countryside, the analytical approach as applied to the Scottish windfarm could 
equally be used to assess the social costs and benefits associated with large scale 
planting o f miscanthus or SRC willow.
The remainder o f this introduction is structured as follows. Firstly, the technical 
potential o f perennial energy crops in the UK is outlined, along with a number o f 
potential constraints that have been identified in the literature. The research approach 
is then introduced in more detail, and the progression through the three related papers 
is explained. Subsequently, the theoretical potential and possible constraints on the 
development o f wind power in the UK are discussed, leading to an overview o f the 
techniques applied in the fourth research paper.
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3.0 Perennial Energy Crops: Background and 
Research Approach
3.1 Technical potential of perennial energy crops in the UK
The technical potential o f energy crops is estimated to be 17.2 T W h 2 (1.48 Mtoe) \  
while current availability is 0.07-0.09 Mtoe (Defra, 2007). To reach the technical 
potential o f perennial energy crops by 2020 (Defra, 2007), would require 350,000 
hectares (ha) o f  land, which is roughly 6.5% o f UK arable and set-aside land, 
assuming an average annual yield o f 9odt/ha 4 (Deffa, 2007). The Renewables 
Innovation Review (DTI, 2003a) suggests this is a realistic area once a number o f 
constraints, including competition from other markets, are taken into account.
A recently developed range o f  energy crop scenarios used to inform the Renewable 
Energy Strategy suggests that by 2030, using both arable and pasture land, the 
potential could be up to 2.2 million hectares (E4Tech, 2009).
The key feature o f all these estimates is the assumptions about fanner behaviour. 
They take for granted that sufficient farmers will choose to grow perennial crops up 
to the level o f  the constraints that they identify. However, this assumption does not 
seem to be supported by experience to date.
2 Terrawatt hours (One terrawatt is a trillion, or 1012 watts)
J Million tonnes o f  oil equivalent
4 Oven dried tonnes
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3.2 Current uptake of perennial energy crops in the UK
Defra's Energy Crops Scheme, which provides establishment grants for SRC willow 
and miscanthus, was intended to support the planting, by 2006, o f 16,700ha o f SRC 
and 5000ha o f miscanthus in England (ADAS, 2003). When the scheme closed to 
applications, in July 2006, only 1,180 hectares o f  SRC and 3,356 ha o f miscanthus 
had been planted, however, increased interest in the payments, saw applications for 
planting in 2007 set to take the area o f miscanthus to 12,627ha, and SRC to 2,600ha 
in England (Defra, 2006).
In Scotland, the area planted or approved for planting up until the end o f 2006 was 
300ha, with applications for planting in 2007 and 2008 amounting to around 600ha 
(SAC, 2007a). In Northern Ireland, 810ha o f SRC have been planted or approved for 
planting (DARDNI, 2007), while in Wales there is known to be 40ha o f  SRC and 
72ha o f miscanthus (Welsh Assembly Government, 2007).
The latest published figure for the total area o f perennial energy crops in the UK is 
15,546ha for SRC willow and miscanthus combined (Defra, 2007), however it is 
believed that the planted area is now around 17,000ha (RELU, 2009).
3.3 Potential barriers to adoption
There is a growing literature on perennial energy crops and the development of 
biomass energy in the UK, Europe and beyond. While there has been much focus on 
techno-economic aspects and theoretical supply chain potential, broad stakeholder 
opinion, and wider public policy implications, less is known about how individual 
farmers will choose to respond to the opportunities presented by these crops. 
Strawson (2005), writing from the perspective o f a farmer with land already 
committed to SRC Willow, and at a time when returns from alternative activities 
were much lower than at present, offers a relatively upbeat assessment o f the 
potential attractiveness o f the crop. However, he does identify that some farmers
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have concerns about the long-term commitment o f  energy end-users, and the ease o f 
returning fields to arable production, while the collapse o f the ARBRE (Arable 
Biomass Renewable Energy) project at Eggborough, North Yorkshire, in the late 
1990s, serves as a focus for fanner unease (Strawson, 2005).
The suggestion o f  potential barriers to adoption identified by Strawson (2005), 
combined with the low uptake indicates that farmers’ attitudes towards perennial 
energy crops need to be better understood. In addition to issues o f cultivation and the 
commitment o f energy end-users, perennial energy crops can be considered as a 
novel enterprise for UK farmers due to their position at the interface between 
agricultural and energy policy. This brings a greater number o f uncertainties than 
exist with conventional agricultural activities. Several authors have argued that 
uncertainty is a key barrier to the successful uptake o f emerging renewable 
technologies such as bioenergy, principally because it hinders the fulfilment o f 
entrepreneurial activities. In order for entrepreneurs to act, motivation needs to 
outweigh perceived uncertainty. Therefore, identifying dominant sources o f 
uncertainty can deliver valuable insights for policy makers (Meijer et al., 2007).
In addition, many systems such as energy and agriculture are characterised by lock in 
and resistance to change through technological, institutional and social path 
dependency, resulting in a variety o f  barriers for new innovations such as energy 
crops and bioenergy. Thus the identification o f barriers to farmer adoption o f 
perennial energy crops, and how these may be overcome is o f key importance to 
policy makers intent on a significant increase in the use o f bioenergy in the UK.
3.4 Research Approach: Theory of Planned Behaviour
For the first two papers, the Theory o f Reasoned Action (TORA) (Ajzen & Fishbein, 
1980) and its extension the Theory o f Planned Behaviour (TPB) (Ajzen, 1991) 
provide the conceptual framework for exploring fanners’ attitudes and intentions in 
respect o f the adoption o f perennial energy crops. Both theories have been widely 
used in agricultural research to understand barriers and drivers to the adoption o f new
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technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000) and to 
estimate the likely scale o f adoption o f particular activities (Mattison & Norris,
2007).
According to the TORA, the intention to adopt a particular behaviour is a function o f 
attitudes towards the behaviour and the subjective nonn, that is the extent to which 
one is influenced by the views o f other people regarding the behaviour (Ajzen & 
Fishbein, 1980).
Attitudes are a product o f the extent to which one expects the behaviour to result in 
specific outcomes (outcome beliefs) and the importance o f those outcomes (outcome 
evaluations). The subjective norm is a function o f the perceived support o f  salient 
referents (people to whom respondents might turn for advice) towards the behaviour 
(subjective beliefs) and the motivation to comply with those beliefs. The TORA 
claims that the intention to perform a particular behaviour is a reliable indicator of 
actual future behaviour if  the expressed attitude towards this behaviour and/or the 
perceived social pressure to do so correlate closely with the stated intent. A 
comparison o f the strength o f correlation o f the attitude and subjective norm with the 
stated intent towards the adoption o f SRC willow or miscanthus indicates which o f 
the two components has greater influence on the farmers' decision relating to the 
adoption o f these crops (Ajzen & Fishbein, 1980).
Theoretical developments in social psychology led to the Theory o f Planned 
Behaviour (see Figure 1), an extension o f the TORA that incorporates 'perceived 
behavioural control' as a measure o f the extent to which people believe they are able 
to control the outcome (Ajzen, 1991). This followed studies suggesting that TORA 
performed poorly where the perceived efficacy o f achieving the expected result was 
low - in which case the behaviour would not be attempted regardless o f the strength 
o f the attitudinal and social influences (Burton, 2004).
Perceived behavioural control is an individual's assessment o f their own ability 
(control belief) to perform a particular behaviour and their capability (power of 
control). The TPB states that perceived behavioural control can also predict 
behavioural intent. The contribution o f perceived behavioural control is assessed by
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comparing the strength o f  its correlation with intent with that o f the other two causal 
components (Ajzen, 1991).
Figure 1: Theory of Planned Behaviour (Ajzen, 1991)
O f central importance within a TPB study is the principle o f compatibility, that is 
"relations between attitudes and behaviours are maximally strong to the extent that 
their action, target, context, and time elements are assessed at the same level o f 
generality or specificity" (Eagly and Chaiken, 1993). In this study the TPB is 
applied to predicting farmers' behaviour towards the adoption o f perennial energy 
crops over the next five years.
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3.5 Research Approach : Focus groups
The first stage o f the research involves using focus groups to gather a range o f 
statements from farmers relating to their attitudes to the adoption o f perennial energy 
crops. Focus groups are distinguished from other methods o f group interviewing, 
such as 'brainstorming' or Delphi groups, by the explicit use o f the group interaction 
to produce data and insights that would be less accessible without the interaction 
found in a group (Morgan, 1988). According to Morgan (1988) ‘focus groups are 
useful when it conies to investigating what participants think but they excel at 
uncovering why participants think as they do’
Focus groups have previously been used for TPB studies (Beedell & Rehman, 2000; 
Garforth et al., 2004), as they have the advantage o f enabling data from a group o f 
people to be gathered more quickly than through individual interviews, and they also 
permit the researcher to immediately follow-up participant statements in order to 
clarify responses.
However, there is also the risk that some participants may dominate proceedings, 
leading more reserved members to hold back.. It must also be borne in mind that the 
small number o f participants mean that findings can't necessarily be generalised to 
wider populations. It is for this reason, as in this case, that focus groups are often 
used as a preliminary stage in a larger research program that includes a more 
representative survey o f  the population (Walker 1985).
Three groups, held in Thame (Oxfordshire), Bawtry (Nottinghamshire), and 
Scotlandwell (Fife), took place between November 2006 and January 2007. The 
locations were chosen for proximity to existing or proposed co-firing or dedicated 
biomass power plants. Participants were sought through a number o f channels 
(producer groups. Farming and Wildlife Advisory Group (FWAG), National 
Farmers’ Union o f England and Wales (NFU) and SAC advisory service) with the 
intention being to get a broad mix o f  existing and potential growers o f miscanthus 
and SRC willow.
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The discussions were recorded and the output analysed by two researchers, grouping 
responses into key themes. The findings from this stage are reported in the first 
paper, ‘Farm-level constraints on the uptake o f perennial energy crops in the UK’.
3.6 Research Approach: Postal survey
The second stage involved using the identified outcome beliefs and salient referents 
in a structured questionnaire. Following a pilot survey, questionnaires were sent to 
1500 farmers in three areas where SRC willow and miscanthus had already been 
planted under Defra's Energy Crops Scheme in England, and that were within 25 
miles o f either a co-firing or dedicated biomass power plant. It was decided that this 
would be preferable to a survey covering the whole o f the UK, as in some areas there 
has been no development o f perennial energy crops, co-firing or dedicated biomass 
power plant. By focusing on areas where there is an existing source o f demand, it 
was considered that the questionnaires would be o f more relevance to farmers. 
W ithin these areas, farmers were selected at random from a business directory. In all, 
150 usable responses were received - a response rate o f 10%.
Farmers were asked to score a response to the questions on a 5 point scale. These 
responses were numerically coded from -2 to +2 for analysis. Table 1 shows the 
question structure for each construct.
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TPB Construct Question Structure Measurement scale
Behavioural
intention
Are you intending to plant SRC willow 
on your farm in the next 5 years?
Certainly not, probably not, 
unsure, probably, certainly
Stated attitude
Choosing to plant SRC willow on my 
farm in the next 5 years would be a 
good decision
Strongly disagree, 




People whose opinions 1 value think 1 
should plant SRC willow on my farm in 
the next 5 years
Strongly disagree, 




Do you agree or disagree with the 
following statements?
Strongly disagree, 
disagree, unsure, agree, 
strongly agree
Belief strength How important are the following to you?
Unimportant, not very 




Do you think the following would 
approve or disapprove of you growing 







Would you follow the advice of the 
groups below in deciding whether or 
not to grow SRC willow on your farm in 
the next 5 years?
Very unlikely, unlikely, 
unsure, likely, highly likely
Perceived
difficulty
How difficult would it be to grow SRC 
willow on your farm in the next 5 
years?
Very difficult, difficult, 
unsure, easy, very easy
Perceived
ability
How confident are you of being able to 
grow SRC willow on your farm in the 
next 5 years?
Not at all confident, not very 
confident, don't know, 
confident, very confident
Table 1: Question structure for the TPB survey
Farmers were also invited to add their own thoughts in a comments box at the end o f 
the questionnaire. The findings from this stage are reported in the second paper, 
‘Farmer attitudes and intentions towards the adoption o f perennial energy crops in 
the UK: An application o f the Theory o f  Planned Behaviour’.
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3.7 Research Approach: Farm-level linear programming model
The third paper abstracts from the uncertainties that are identified in the previous two 
papers, and looks at the level o f financial return required to motivate farmers to adopt 
perennial energy crops under the assumption o f a profit maximising decision maker, 
and in the absence o f  previously identified barriers.
While the literature on farmer decision making suggests numerous objectives beyond 
profit maximisation (Burton, 2004; Gasson, 1973), the modelling o f ‘rational 
economic m an’, for the purposes o f this research, does allow for the identification o f 
key messages about the existence o f barriers to uptake.
A generic linear programming model for farm-level analysis, developed at the 
Scottish Agricultural College (SAC) was used to assess the likely uptake o f perennial 
energy crops at different levels o f gross margin. The model can be calibrated to 
represent any particular farm situation, in terms o f basic resource endowments, and 
run using Visual Basic for Applications and M icrosoft Excel Solver to simulate 
representative or real farm situations. The model has been used in various studies, 
e.g. Revell and Oglethorpe (2003), to analyse the economic impacts o f  policy 
developments on farm businesses, particularly relating to how enterprise 
substitutions may occur. The model incorporates all major cropping and livestock 
activities carried out on UK farms and can thus be calibrated for all mainstream 
farming types (University o f Cambridge, 2005).
The model was used by University o f  Cambridge (2005) to predict uptake o f 
perennial energy crops across four o f  the major farm types (cereal farms, mixed 
farms, general cropping farms, cattle and sheep (lowland) farms). Each o f  these farm 
types were split into three size groups to enable further analysis o f possible 
differential levels o f uptake (see Table 2). Within rotational constraints, the simple 
analysis was that, all else being equal, SRC willow and miscanthus would have to 
provide gross margins greater than those for alternative crops to be adopted. Costs, 
prices and resource requirements for conventional activities were obtained from the 
2002/03 edition o f the Farm Management Handbook (SAC, 2002).
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Table 2: Farm types used in modelling
With a global boom in agricultural commodity prices over the past few years, UK 
farmers are now achieving higher gross margins for a number o f conventional crops. 
A typical gross margin for winter wheat, for example, has increased from £301/ha 
(University o f Cambridge, 2005) to £738/ha (Farm Management Handbook, 
2007/08). While the prices achieved for such crops have increased considerably, the 
focus group participants suggested that prices offered for energy crops have failed to 
keep up. Prices for conventional activities included in the model were updated using 
the 2007/08 edition o f the Farm Management Handbook (SAC, 2007b), and the 
analysis re-run to investigate the gross margins that would have to be achieved by 
energy crops to bring about adoption.
The findings from this stage are reported in the third paper, ‘Farmer uptake o f 
perennial energy crops in the UK: Using mathematical programming to model 
supply’.
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4.0 Wind Power: Background and Research 
Approach
4.1 Technical potential of wind power in the UK
The UK has some o f the best wind resources in Europe, with high average wind 
speeds and good reliability (Sustainable Development Commission, 2005). Figure 2 
shows the onshore wind resources, and Figure 3 shows the offshore wind resource. It 
is clear from these figures that o f  all the countries in the UK, Scotland has the 
greatest potential for wind energy.
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Figure 2: European onshore wind resources. Source: Riso National Laboratory, 
Denmark
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Figure 3: European offshore wind resources. Source: Riso National Laboratory, 
Denmark
The importance o f high average wind speeds becomes clear when considering the 
relationship between wind speed and power output from wind turbines. The power 
output is approximately proportional to the cube o f the wind speed (Manwell et ah, 
2002), which means in practice that a doubling o f the average wind speed from 4ms"1 
to 8ms"1 leads to an eight-fold increase in theoretical power output. This makes the 
United Kingdom, and Scotland in particular, a very attractive location for developers, 
as the primary support mechanism, the Renewables Obligation, is based on output 
rather than installed capacity (Ofgem, 2010).
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4.2 Current installed capacity of onshore wind
The Government’s Renewable Energy Strategy suggests that meeting the 2020 target 
would require an installed capacity o f approximately 14GW o f onshore wind 
(DECC, 2009a). Onshore there is currently 3.2GW installed, 0.8GW under 
construction, and 3.4GW with planning approval -  totalling 7.4GW, which is just 
over half way to meeting the target. There is another 7.4GW awaiting planning 
permission, which, if  approved would be sufficient to meet the 14GW target 
(BWEA, 2009b). Subject to planning permission, the Government expects that a 
large proportion o f onshore wind development will take place in Scotland (BERR,
2008).
4.3 Planning as a barrier to the development of windfarms
It is recognised that a number o f  non-financial barriers have restrained renewables 
development in the UK. These include, in particular, planning issues, access to the 
electricity grid, and supply chain constraints (BERR, 2008). O f these, planning is 
seen by a number o f commentators as being ‘absolutely critical’ as it affects both the 
building o f new generation capacity and the associated electricity grid. For wind 
farms, grid connectivity can be especially problematic as the windiest places are 
often remote from the existing grid (Elouse o f  Lords, 2008).
Evidence submitted to a House o f Lords Committee by Scottish and Southern Energy 
indicated that a new onshore windfarm would take 10 years to develop and build, 
with half o f that time spent in planning (House o f  Lords, 2008). The UK Renewable 
Energy Strategy consultation document recognises that the Planning Bill will not 
bring about a sufficient change to meet the 2020 target (BERR, 2008; House o f 
Lords, 2008), and the recent House o f Lords Committee report finds that:
“W ithout an effective planning system we do not believe that the UK will be able to 
meet its target. It is fundamental that appropriate procedures are put in place to 
ensure that new generation plant and grid infrastructure can be increased, subject to
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local considerations. This means that developers must be able to have confidence in 
the reliability and consistency o f the planning system” (House o f Lords, 2008).
The recently formed Infrastructure Planning Committee (IPC), set up under the 2008 
Planning Act is intended “to make the application process for nationally significant 
infrastructure projects faster and fairer” (IPC, 2010). The IPC is the planning 
authority for onshore proposals over 50MW, and offshore proposals over 100MW, 
working to implement the approach as outlined in the Draft National Policy 
Statement for Renewable Energy Infrastructure (DECC, 2009b), and the Draft 
Overarching National Policy Statement for Energy (DECC, 2009c). The approach 
outlined in these draft National Policy Statements should, at the least, mean that 
establishing the need for more renewables would not need to be addressed anew at 
every planning enquiry (House o f Lords, 2008).
However, there are concerns that with the threshold for consideration by the IPC set 
at 50MW, and the British Wind Energy Association anticipating that the majority o f 
schemes will be below this size, there will be no significant change in the rate at 
which planning decisions are progressed. These smaller applications will still be, as 
argued by one developer, Ecotricity, ‘subject to the same procedure as a home 
extension’, with the process involving the same people (House o f Lords, 2008).
Moreover, guidance for both the IPC and local planning authorities on assessing the 
landscape and visual impact arising from wind farm developments, still relies on an 
approach that is arguably open to much subjective interpretation. The techniques for 
evaluation have not changed from those included in guidance from the Scottish 
Executive in 2007, as outlined below.
4.4 Planning concerns: Landscape impact versus carbon emissions
In addition to their remoteness from grid infrastructure, the places that are most 
attractive in terms o f the wind regime are often precisely those exposed upland areas 
which are valued for their scenic qualities and which are often ecologically sensitive. 
Expansion o f wind power will therefore bring a number o f  associated costs and
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benefits, and it is the role o f the planning authorities to strike the appropriate balance 
in considering which developments to permit.
Guidance from the Scottish Executive states that:
“Consideration o f  the significance o f  any adverse impacts o f  a renewable generation 
proposal should have regard to the projected benefits o f the proposal in terms o f the 
scale o f its contribution to addressing climate change through its contribution to the 
Scottish Executive’s targets for renewable energy. A relevant consideration should 
be whether such a scale o f  renewables contribution could be realised with fewer or 
lesser impacts in a different location or through several smaller projects” (Scottish 
Executive, 2007).
The Scottish Executive’s guidance does not, however, outline how to achieve the 
appropriate balance. While the methodology for landscape and visual impact 
assessments is well developed (University o f Newcastle, 2002; Landscape Institute & 
Institute for Environmental Management and Assessment, 2002), the question 
remains as to how tonnes o f avoided carbon dioxide emissions should be compared 
against the results o f a visual impact assessment that presents impact scores using an 
ordinal scale? In the absence o f a common scaling denominator there would appear 
to be significant challenges to establishing, in a transparent and consistent manner, 
whether a project’s costs outweigh the benefits, or moreover, to compare competing 
projects and rank them.
4.5 Research Approach: Cost Benefit Analysis
The fourth paper in this thesis, ‘An economic assessment o f wind power generation 
in Scotland, including externalities’, uses a standard UK Government approach to 
cost-benefit analysis as outlined in the Treasury’s Green Book. This applies 
landscape valuation techniques to establish a monetary value for the visual 
disamenity arising from the windfarm, and also uses Government carbon valuation 
guidance to place a monetary value on avoided carbon emissions. In so doing, the 
paper explores how the apparently intangible non-market impacts can be quantified,
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alongside the financial costs and benefits, to establish the extent o f the overall cost or 
benefit to society o f the proposal. The potential for wider use o f  such an approach to 
more effectively identify and quantify the impacts arising from onshore windfarms is 
considered. Enhancing understanding o f the relative costs and benefits o f schemes, 
using such techniques, is argued to have a number o f significant advantages over the 
cuirent approach, not least o f which could be the achievement o f targets in a way that 
is most cost-effective in societal terms.
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Chapter 2: Farm-level constraints on the domestic 
supply of perennial energy crops in the UK
The research presented in this chapter has been published as Sherrington, C., Bartley, 
J. and Moran, D„ 2008. Farm-level constraints on the domestic supply o f energy 
crops in the UK, Energy Policy 36, 2504 - 2512.
Justin Bartley o f the Institute for European Environmental Policy was responsible for 
arranging venues for the three focus groups, recruiting farmers, and writing up his 
own notes from the meetings which were then cross-checked by the lead author, to 
ensure that his own reporting o f the findings had covered all the relevant points. The 
lead author prepared the questions for the focus groups, and wrote up notes based on 
the farmers’ statements, which were also recorded on an audio tape. To enable the 
lead author and Justin Bartley to concentrate on noting responses, the focus groups 
were facilitated by an independent consultant. The lead author attended the first 
focus group, and wrote up his notes from that group having listened again via the 
recording. The lead author did not attend the next two focus groups, but listened 
through twice to the recordings, and checked his notes against those o f Justin 
Bartley. The lead author wrote the paper, including the introduction to the relevant 
agricultural and energy policies, consideration o f levels o f energy crop uptake to date 
and the key recommendations. Dominic Moran reviewed the final paper before 
submission.
Abstract
There are a number o f estimates o f the land area that could potentially be dedicated 
to perennial energy crops such as Short Rotation Coppice (SRC) Willow and 
Miscanthus in the UK, but little is known about how farmers will respond to the 
opportunities presented by these relatively novel crops. Perennial energy crops face 
competition from other, arguably more flexible, uses o f farmland, and if  not seen as 
attractive propositions to individual farmers, they will not be grown. Farmers' 
decisions are therefore a key constraint on potential supply. This paper reviews the 
policy background and considers whether policy is based on any consideration of
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likely supply response, before presenting outcomes o f focus groups composed o f 
farmers who already grow or are considering growing perennial energy crops. There 
appear to be a number o f barriers to adoption. In addition to concerns over the 
security o f  contracts, the current high wheat price increases the opportunity cost o f 
committing land to perennial energy crops. There are also worries about the impact 
o f  willow roots on field drains and the cost o f returning the land to other uses. This 
paper outlines a number o f  issues o f importance to policy makers and suggests future 
research needs.
6.0 Introduction
The twin concerns o f climate change and energy security have increased attention on 
renewable energy. In the UK, these factors have combined with an agricultural 
reform process that has highlighted the need for farmers to diversify away from 
traditionally supported arable and livestock products. Accordingly, the UK 
Government has in recent years demonstrated an increasing enthusiasm for the use o f 
biomass as a source o f  electricity, heat and transport fuel. The UK Biomass Strategy 
(Deffa, 2007a) states the Government's intention to bring about a major expansion in 
both the supply and use o f  biomass in the UK, indicating that biomass will have a 
central role to play in meeting the EU target o f 20% renewable energy by 2020 
(Defra, 2007a).
While the UK Biomass Strategy proposes an increase in the use o f biomass for heat, 
electricity and biofuels, beyond acknowledging the 10% minimum share o f biofuels 
target for 2020 (Council o f the European Union, 2007) it does not include specific 
targets for particular feedstocks or end uses. It does, however, outline what the UK 
Government considers to be the potential UK supply o f biomass feedstocks up to 
2020 .
This paper will argue that for perennial energy crop feedstocks such as Short 
Rotation Coppice (SRC) Willow and Miscanthus, the likely level o f  supply will be
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considerably below the theoretical potential unless a number o f barriers to their 
adoption by farmers are overcome.
The paper adds to a growing literature on perennial energy crops and the 
development o f biomass energy in the UK, Europe and beyond (Rosenqvist & 
Dawson, 2005; Skytte et al., 2006; Charles et al., 2007). While there has been much 
focus on techno-economic aspects and theoretical supply chain potential (Andersen 
et ah, 2005; Ericsson & Nilsson, 2005; Styles & Jones, 2007), broad stakeholder 
opinion (Upham & Speakman, 2007), and wider public policy implications (Charles 
et ah, 2007), relatively little is known about how individual farmers will choose to 
respond to the opportunities presented by these relatively novel crops. Strawson 
(2005), writing from the perspective o f a farmer with land already committed to SRC 
Willow, and at a time when returns from alternative activities were much lower than 
at present, offers a relatively upbeat assessment o f the potential attractiveness o f the 
crop. However, in the context o f a significant and ongoing global rise in the price o f 
agricultural commodities such as wheat (FAO, 2007), a changing agricultural policy 
landscape in the EU (European Commission, 2007) , and a UK renewable energy 
support mechanism that is under review (DTI, 2007a) , it is important to gain an up- 
to-date understanding o f  farmers' attitudes and behavioural intentions towards the 
adoption o f perennial energy crops.
The paper is structured as follows. The next section outlines the framework for 
considering farm-level constraints, and is followed by an introduction to UK biomass 
resources. A number o f estimates o f the theoretical potential o f perennial energy 
crops are discussed, and compared with the recent level o f adoption. There follows 
an outline o f the policies intended to stimulate the use o f  biomass in the energy mix, 
along with details o f farm level support for the cultivation o f perennial energy crops. 
The results o f a series o f focus groups with farmers discussing adoption o f perennial 
energy crops are then outlined, with consideration o f the implications o f the findings 
for policy-makers.
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6.1 Framework for considering farm-level constraints on the 
adoption of perennial energy crops
Perennial energy crops can be considered as a novel enterprise for UK farmers both 
in terms o f  their cultivation, and in their position at the interface between agricultural 
and energy policy. This brings a greater number o f  uncertainties than exist with 
conventional agricultural activities. Several authors have argued that uncertainty is a 
key barrier to the successful uptake o f emerging renewable technologies such as 
bioenergy (Kemp et al., 1998; Foxon et al., 2005), principally because it hinders the 
fulfilment o f entrepreneurial activities (Jacobsson & Bergek, 2004). In order for 
entrepreneurs to act, motivation needs to outweigh perceived uncertainty. Therefore, 
identifying dominant sources o f  uncertainty can deliver valuable insights for policy 
makers (M eijer et al., 2007)
In addition, many systems such as energy and agriculture are characterised by lock in 
and resistance to change (Unruh, 2000), through technological, institutional and 
social path dependency, resulting in a variety o f barriers for new innovations such as 
energy crops and bioenergy (van der Laak et al., 2007). Much work has been done in 
the field o f Strategic Niche Management (SNM) to identify what makes for a 
successful innovation, or to explain the failure o f other innovations (van der Laak et 
al., 2007; Raven, 2005). The level o f analysis in SNM is typically a series o f  projects 
such as pilot plants and demonstration plants, covering a substantial number o f 
projects over periods up to 30 years. This yields useful insights for policy makers, 
and emphasises the importance o f shaping expectations o f stakeholders, building 
social networks, and o f  a good learning process (van der Laak, 2007). In addition, 
lessons for policy makers can be drawn from research into technological innovation 
in the energy sector. A key insight here is that identifying market barriers that stand 
in the way o f widespread implementation o f new technologies, and then designing 
ways to overcome these, while concurrently enhancing learning gains, are crucial to 
successful energy innovation (Sagar & van der Zwaan, 2006).
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Thus the identification o f barriers to farmer adoption o f  perennial energy crops, and 
how these may be overcome is o f key importance to policymakers intent on a 
significant increase in the use o f bioenergy in the UK.
For this study, the Theory o f Reasoned Action (TORA) (Ajzen & Fishbein, 1980) 
and its extension the Theory o f Planned Behaviour (TPB) (Ajzen, 1991) provide the 
conceptual framework for exploring farmers’ attitudes and intentions in respect o f 
the adoption o f perennial energy crops. Both theories have been widely used in 
agricultural research to understand barriers and drivers to the adoption o f new 
technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000) and to 
estimate the likely scale o f adoption o f particular activities (Mattison & Norris, 2007)
The first stage o f the research involves using focus groups to gather a range o f 
statements from farmers relating to their attitudes to the adoption o f perennial energy 
crops. It is the findings from this first stage that are reported in this paper.
6.2 Potential biomass resources in the UK
There are a number o f possible sources o f biomass for energy in the UK, including 
forestry, wood waste, conventional agricultural crops such as wheat and oilseed rape, 
straw, perennial energy crops, and agricultural waste (RCEP, 2004: Deffa, 2007a).
To increase available biomass, Defra (2007a) favours obtaining an additional 1 
million dry tonnes o f wood per annum from woodland and wood waste, more use o f 
manures and slurries, and a substantial growth in uptake o f perennial energy crops 
such as SRC Willow and Miscanthus. O f these sources, it is the anticipated change in 
levels o f perennial energy crops that is most dramatic. The technical potential o f
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energy crops is estimated to be 17.2 TW h 7 (1.48 M toe)6, while current availability 
is 0.07-0.09 Mtoe (Defra, 2007a). Such an increase would represent an almost 20- 
fold increase in the level o f supply, albeit from a low level.
To reach the technical potential o f perennial energy crops by 2020 (Deffa, 2007a), 
would require 350,000 hectares (ha) o f land, which is roughly 6.5% o f UK arable and 
set-aside land, assuming an average annual yield o f  9odt/ha (Defra, 2007a). The 
Renewables Innovation Review (DTI, 2003b) suggests this is a realistic area once a 
number o f  constraints, including competition from other markets, are taken into 
account.
Defra expectations for perennial energy crops are somewhat lower than proposals 
from the Royal Commission on Environmental Pollution (RCEP) biomass report 
(RCEP, 2004). Focusing on the potential contribution o f biomass towards a 60% 
reduction in UK CO 2 emissions by 2050 (RCEP, 2000), it recommends that by 2050 
up to 16 Gigawatts (about 12%) o f UK energy should come from biomass. To supply 
this, about 70 million tonnes o f  wood would be required per year. If derived from 
energy crops at an assumed average yield o f  10 odt/ha/yr, this would need 7 million 
hectares.
However, assuming the availability o f a certain amount o f  forestry material and 
straw, a scenario is outlined where the land required for energy crops would rise 
from 1 million hectares in 2020 to 5.5 million hectares in 2050 (RCEP, 2004).
5 Terrawatt hours (One terrawatt is a trillion, or 1012 watts)
6 Million tonnes o f oil equivalent
7 Oven dried tonnes
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Other estimates include an assumption by the Carbon Trust (2005) that 680,000 ha 
(roughly equal to set-aside) could be available for woody energy crops. This study 
notes that estimates o f the land area that could be used for energy crops vary greatly, 
emphasising the somewhat arbitrary nature o f their assumption (Carbon Trust, 2005).
The key feature o f all these estimates is the assumptions about farmer behaviour. 
They take for granted that sufficient farmers will choose to grow perennial crops up 
to the level o f the constraints that they identify. However, this assumption does not 
seem to be supported by experience to date.
Defra's Energy Crops Scheme, which provides establishment grants for SRC Willow 
and Miscanthus, along with support for developing SRC producer groups, had a 
number o f objectives for the first period o f the English Rural Development 
Programme (ERDP) (2000 - 2006). These included the planting, by 2006, o f 
16,700ha o f SRC and 5000ha o f Miscanthus in England (ADAS, 2003). When the 
scheme closed to applications, in July 2006, only 1,180 hectares o f SRC and 3,356 
ha o f Miscanthus had been planted (Defra, 2006a), representing 20% o f the target 
level. This does, however, mark an improvement over the uptake by the half-way 
point in 2003, where only 2% o f the SRC target and 3% o f the Miscanthus target had 
been planted (ADAS, 2003).
More recently, there has been an increase in interest in the payments, with 
applications for planting in 2007 due to take the area o f Miscanthus to 12,627ha, and 
SRC to 2,600ha in England (Defra, 2006a).
In Scotland, the area planted or approved for planting up until the end o f 2006 is 
300ha. Current applications for planting in 2007 and 2008 amount to around 600ha 
(SAC, 2007). In Northern Ireland, 400ha o f SRC have been planted or approved for 
planting to date, and a further 410ha have been approved for the 2007 planting year 
(DARDNI, 2007), while in Wales there is currently 40ha o f  SRC and 72ha o f 
Miscanthus (Welsh Assembly Government, 2007).
The latest published figure for the total area o f perennial energy crops in the UK is 
15,546ha for SRC willow and miscanthus combined (Defra, 2007a).
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6.3 Policies intended to stimulate the use of biomass in the UK 
energy mix
6.3.1 Renewables Obligation
The Renewables Obligation (RO) is the UK Government’s key policy mechanism for 
increasing the proportion o f electricity derived from renewable sources. Under the 
scheme, there is a mandatory requirement for UK electricity suppliers to source a 
growing percentage o f  electricity from eligible renewable generation capacity. 
Suppliers are required to produce evidence o f  their compliance with this obligation to 
the Office o f Gas and Electricity Markets (OFGEM). Evidence can be via 
certificates, referred to as Renewable Obligation Certificates (ROCs), which are 
currently worth approximately £47/MW h (NFPA, 2007).The target is 10% o f UK 
electricity from renewable sources by 2010, with an aspiration to reach 20% by 2020 
(DTI, 2007a). W hen introduced in 2002, there was debate as to whether co-firing o f
R •energy crops with coal should be eligible for receiving ROCs. It was decided that 
co-firing should be eligible, in order to stimulate the development o f  energy crop 
supply chains (DTI, 2006b, Ilex Energy Consulting, 2003), but with restrictions, 
intended to prevent co-firing swamping the market for ROCs. A 25% cap was placed 
on the proportion o f a supplier's obligation that could be met from co-fired ROCs;
8 An energy crop as currently defined by the Office o f Gas and Electricity Markets (OFGEM) is a 
plant crop planted after 31 December 1989 grown primarily for the purpose o f being a fuel or which is
either Miscanthus, SRC Willow or SRC Poplar (OFGEM, 2007). Thus annual crops such as wheat
\
and rapeseed can be co-fired as energy crops as long as they are grown specifically for the purpose. 
However within the RO the focus for co-firing has been on SRC Willow or Miscanthus (Ilex Energy 
Consulting, 2003)
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from 2006 at least 75% o f the biomass must be from energy crops; and co-firing 
would cease to be eligible by 2011.
However, the majority o f co-firing has been o f imported bio-wastes such as olive pits 
and palm kernels (IPA Consulting, 2006), while energy crops represent less than 
0.3% by weight o f all co-fired biomass.
In 2003, The Renewables Obligation (Amendment) Order Statutory Consultation 
noted that minimal planting o f energy crops had taken place, with industry arguing 
that this was in part due to overly restrictive rules on co-firing in the Obligation; in 
particular that co-firing should be permitted only until 2011 (DTI, 2003a). It was 
therefore recommended that the requirement to co-fire a proportion o f energy crops 
should be delayed from 2006 to 2009 to allow more time for planting and cropping 
(DTI, 2003a).
In addition, the date for co-firing to be phased out o f the RO was postponed until 
2016, and the energy crop requirements were relaxed (25% requirement in 2009,
50% in 2010, and 75% in 2011). Meanwhile the overall cap on co-firing was reduced 
(10% from 2006 and 5% from 2011) (DTI, 2006a).
The proposed changes were intended to enable the creation o f a market for energy 
crops o f up to 680,000 odt per annum, generating 1.26 TWh per annum, this being 
75% o f the 5% of the Obligation in the period 2011-16 (DTI, 2003a). By amending 
the start and end-dates for energy crop co-firing, it was intended to allow farmers 
three full cropping cycles for SRC planted in the spring o f  2005 making this a much 
more attractive option in terms o f establishing a market for energy crops (DTI, 
2003a).
It was, however, argued at the time that extending the eligibility o f co-firing would 
not provide the necessary stimulus to energy crop development, and that co-firing 
would likely displace investment in specialist energy crop combustion plants 
(Campbell Carr, 2003).
In the run up to the introduction o f the 10% cap in April 2006, a number o f concerns 
were raised about a ’cliff-edge' in co-fired ROC prices. This was cited as a reason
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why independent generators, in particular, had failed to sign up to long term supply 
contracts with farmers (Poyry Energy Consulting, 2006). In addition, the impending 
lowering o f  the cap raised concerns about reducing the contribution o f co-firing to 
the abatement o f  CO2 emissions from fossil fuel plant. With the Government 
considering electricity generation from coal likely to remain an important part o f the 
overall generating mix, it was considered appropriate to abate carbon emissions from 
coal fired plant as much as possible (DTI, 2006b). A report commissioned by the UK 
Government (Themba Technology, 2006) found that greenhouse gas (GHG) 
emission reductions from co-firing can be substantial for a very wide range o f 
biomass fuels, whether UK-based or imported, and including both biomass residues 
and energy crop feedstocks (DTI, 2006b).
The report also found that waste or co-product materials tend to have lower GHG 
emissions per unit o f  energy over their lifecycle than dedicated energy crops 
(Themba Technology, 2006), leading to calls for a removal o f government subsidies 
for dedicated energy crops along with the minimum requirement for energy crops as 
part o f the co-firing cap (Scottish and Southern Energy, 2006). This position has not 
gone unchallenged; a critique o f the Themba report has argued that a number o f 
assumptions lead to a significant underestimate o f the sustainability benefits derived 
from energy crops, particularly SRC (Alker and Miller, 2006).
As a result o f  the Themba analysis, and following stakeholder consultation, the 
Government announced in the Energy Review Report that co-firing should be 
encouraged to play a long-term role in reducing the carbon emissions from fossil fuel 
plants (DTI, 2006b). Thus, there has been a change in emphasis from co-firing being 
necessary to bring on the development o f energy crops, to co-firing itself being an 
important source o f reducing carbon emissions.
A further amendment to the RO has meant that since April 2007, ROCs awarded for 
the co-firing o f energy crops do not contribute to a supplier’s 10% co-firing limit 
(DTI, 2007a). It was argued that this would create an additional market for energy 
crops and so remove the need for the minimum energy crop percentages that would 
have been required from 2009 onwards (Lords Hansard, 2007). However, this has 
been met with scepticism and disapproval from a number o f  representatives o f
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suppliers o f energy crop feedstocks (Country Land and Business Association, 2006; 
Bical, 2006)
At present the RO is 'technology neutral', awarding ROCs for every MW h of 
electricity produced from any eligible renewable source. This is subject to change 
following a consultation where it is proposed that ‘banding’ be introduced from April 
2009 to provide varying levels o f support to different technologies. This is to 
encourage a greater diversity o f  renewable technologies and give greater support for 
those technologies that are currently less cost-effective. Under the amended 
Obligation, the cap on co-firing will be removed, 1 ROC will be awarded for every 
MWh from co-firing energy crops, while 2 ROCs will be awarded for every MWh 
from energy crops in dedicated biomass burners or in combined heat and power 
(CHP) (DTI, 2007a). Co-firing o f regular (non-energy crop) biomass, considered an 
established technology, will receive a reduced level o f support o f 0.25 ROCs per 
MWh.
It is unclear whether these changes will provide sufficient stimulus for the 
development o f a domestic supply o f SRC and Miscanthus. It is argued by the 
National Fanners’ Union (NFU) o f England and Wales that the minimum percentage 
requirement for energy crops is the most effective way to create long term demand, 
and that relying on differential ROC banding provides a less secure market and thus 
less incentive for farmers to plant a long term crop (NFU, 2006).
A further question is whether energy crops used for co-firing or in dedicated plant 
will actually be SRC Willow and Miscanthus, as the precise conditions required for a 
crop to count as an energy crop under the OFGEM definition are still subject to some 
uncertainty (Rosillo-Calle and Perry, 2006)
The NFU is keen that the OFGEM definition o f energy crops should not restrict the 
use o f annual crops, and they argue that it is absurd that a crop used to produce 
biofuel under the Renewable Transport Fuels Obligation (RTFO) could have its co­
product classified as not being an energy crop under the RO if  evidence was not 
available to demonstrate that it was always intended for energy use (NFU, 2006).
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Scottish Power believe the definition o f energy crops should be extended to include 
all energy crop types such as wheat and other grains (Scottish Power, 2006).
Indeed, a DTI report suggests that while most energy crops planted are SRC and 
Miscanthus, 'future expansion will probably occur with annual crops, which have the 
advantage o f  being much more compatible with agricultural practices and are finding 
considerable favour with farmers/growers' (DTI, 2007b).
As far as the Renewables Obligation is concerned, it does appear that despite the 
recent banding proposals, the development o f supply chains for Miscanthus and SRC 
Willow, once a key aim within the RO, has become a lower priority.
6.3.2 Climate Change Levy
In addition to funding received through the Renewables Obligation, generators o f 
renewable energy receive a levy exemption certificate (LEC) from the Climate 
Change Levy (CCL) for each MW h o f renewable electricity produced. This provides 
an additional, albeit smaller, revenue stream o f £4.3/MW h, although the amount 
received by the generator is subject to a supplier margin and is typically lower than 
this (Carbon Trust, 2006).
6.3.3 European Union Emissions Trading Scheme
The European Union Emissions Trading Scheme (EU-ETS) also provides a source o f 
income whereby the use o f biomass can count as an emissions saving for installations 
taking part in the scheme. The value o f the carbon savings varies with the emissions 
cap and level o f compliance, but will improve the cost-effectiveness o f measures 
such as switching to biomass heating in industrial units or co-firing in fossil fuel 
plants (Rosillo-Calle and Perry, 2006).
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6.3.4 Renewable Transport Fuel Obligation
The Renewable Transport Fuel Obligation (RTFO) is due to commence in April 
2008,and will require suppliers o f transport fuels to ensure that a certain proportion is 
derived from renewable sources such as biofuels. The level o f the RTFO will reach 
5% by volume by 2010, with the obligation levels in the years 2008/09 and 2009/10 
set at 2.5% and 3.75% respectively (Department for Transport, 2007).
It is suggested that the targets will be met both by imports and a proportion o f 
domestically grown wheat and oilseed rape (Defra, 2007a). If more efficient second 
generation biofuels derived from woody crops become available by 2020, as is 
expected by Defra (2007a), this could provide a stimulus for SRC Willow and 
Miscanthus production.
6.4 Current support for farmers growing dedicated energy crops
A number o f grants have been available to farmers throughout the UK for the 
establishment o f SRC Willow and Miscanthus with an energy end use in mind.
In England, the Energy Crops Scheme (ECS) under the 2000-2006 England Rural 
Development Programme (ERDP) offered £ 1,000/ha for SRC Willow and £920/ha 
for Miscanthus. This scheme closed to applicants in the summer o f 2006, but a new 
ECS, offering establishment grants only, will be available under the Rural 
Development Programme for England (RDPE) 2007-2013. This has now opened for 
applications although grants are not currently available as the European Commission 
has yet to approve the RDPE (Natural England, 2007).
In Scotland, SRC Willow has been eligible for payments o f £1,000/ha under the 
Scottish Forestry Grants Scheme. Applications for this scheme closed in December 
2006. The level o f funding and other details o f the new Scottish Forestry Grant 
Scheme remain dependent on the outcome o f the UK's discussions with Brussels 
over the Rural Development Programme (SAC, 2007).
In Wales an establishment grant for SRC Willow has been available to landowners 
through the Forestry Commission administered Woodland Grant Scheme, but at only
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£600/ha, the grants levels are considerably lower than those available elsewhere. 
This scheme closed to new applicants in 2006, and no more establishment grants are 
available for SRC at present (Wales Biomass Centre, 2007).
In Northern Ireland, a 3 year Challenge Fund was established for SRC Willow in 
2004. The average rate o f  assistance is £1,920/ha. The Fund has now closed to new 
applicants, but a successor programme o f support for the continued development o f 
SRC W illow is being sought (DARDNI, 2007).
In addition, since 2004 payments to landowners o f  up to €45/ha (depending on the 
uptake o f  the scheme across the EU) have been offered through the CAP under the 
Energy Crop Aid Scheme for energy crops (including conventional crops such as 
wheat and oilseed) that are not grown on set-aside, which have an end-user contract, 
and which provide a security deposit o f €60/ha (RPA, 2007).
7.0 Focus group methodology
Against this background o f farmer uncertainty, and as the first stage in a two part 
Theory o f Planned Behaviour (TPB) study (Ajzen, 1991), this study considered the 
range o f  potential attitudes using a focus group approach. Focus groups are 
distinguished from other methods o f  group interviewing, such as 'brainstorming' or 
Delphi groups, by the explicit use o f the group interaction to produce data and 
insights that would be less accessible without the interaction found in a group 
(Morgan, 1988). According to Morgan (1988) ‘focus groups are useful when it 
comes to investigating what participants think but they excel at uncovering why 
participants think as they do’
Focus groups have previously been used for TPB studies (Beedell & Rehman, 2000; 
Garforth et al., 2004), as they have the advantage o f enabling data from a group o f 
people to be gathered more quickly than through individual interviews, and they also 
permit the researcher to immediately follow-up participant statements in order to 
clarify responses.
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However, there is also the risk that some participants may dominate proceedings, 
leading more reserved members to hold back.. It must also be borne in mind that the 
small number o f participants mean that findings can’t necessarily be generalised to 
wider populations. It is for this reason, as in this case, that focus groups are often 
used as a preliminary stage in a larger research program that includes a more 
representative survey o f  the population (Walker 1985).
Three groups, held in Thame (Oxfordshire), Bawtry (Nottinghamshire), and 
Scotlandwell (Fife), took place between November 2006 and January 2007. The 
locations were chosen for proximity to existing or proposed co-firing or dedicated 
biomass power plants. Participants were sought through a number o f  channels 
(producer groups, Farming and Wildlife Advisory Group (FWAG), National 
Farmers’ Union o f England and Wales (NFU) and SAC advisory service) with the 
intention being to get a broad mix o f existing and potential growers o f Miscanthus 
and SRC Willow.
An independent consultant facilitated the discussions, working through a series o f 
broad open-ended questions intended to elicit information on the factors which 
influence the uptake o f dedicated energy crops by farmers. The focus groups 
typically continued for between 90 and 120 minutes. The discussions were recorded 
and the output analysed by two researchers, grouping responses into the key themes 
reported below.
8.0 Findings from focus groups
31 people attended the focus groups including 28 farmers, two producer group 
representatives, and a power company consultant. 16 farmers had had experience o f 
growing SRC Willow with over half o f these attending the Bawtry meeting. Several 
o f these growers originally had contracts with the failed Arbre scheme that was to 
supply the Eggborough power station in 2000. But the company behind that project
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folded in 2002, making 40 people redundant and leaving farmers with acres o f half- 
grown coppicing plantations on their hands.
In total only two farmers had experience o f growing Miscanthus, and thus the 
discussions were more focused on SRC Willow. The area o f land in energy crop 
production on these farms ranged from approximately 5 hectares to 250 hectares, 
with a median area o f 15 hectares. Four farmers had more than 25 hectares in energy 
crop production, and o f  these two had an area greater than 100 hectares.
8.1 Motivation to grow energy crops
There was broad consensus that the principle factor affecting a farm er’s decision to 
grow energy crops or not was the perception o f potential financial returns. In this 
respect the contracts available to growers under the original Arbre scheme were said 
to have been relatively attractive.
Another factor related to personal or ideological beliefs about climate change and 
fossil fuel dependency. Many o f the farmers thought that growing energy crops was 
fundamentally a ‘good’ thing, whilst at the same time it was widely thought that such 
concerns would be a stronger driver in energy crop production in the future.
However, current uncertainty about the financial viability o f  energy crops appears 
likely to limit uptake in the short-term despite many farmers being supportive o f  the 
underlying principles. A widespread belief was that returns would improve over 
time, as the government is forced to increase incentives for growing energy crops as 
part o f  its programme to tackle climate change. Indeed many o f the farmers growing 
energy crops appear to have speculated that by getting involved at an early stage the> 
will be well placed to benefit later on.
A further factor mentioned by older farmers was the desire to maintain farm 
production while scaling back daily involvement. In this respect contracting out the 
entire energy crop production process was seen as attractive.
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8.2 Perceptions of financial return
The prices currently paid for energy crops are felt to be low. A key point is the 
comparison o f returns with those from alternative crops or land uses. With wheat 
having risen dramatically (from £60/t in early 2006 to around £90/t in the second half 
o f the year), the returns available look even less appealing. Within the groups there 
was much speculation (and some excitement) as to how high the wheat price might 
go. In this context it was maintained that farmers were very unlikely to sign long­
term contracts for willow at the prices currently on offer. Wheat prices are higher 
still in 2007, with London's November wheat futures closing recently at over £140/t 
(Farmers Weekly, 2007).
The majority o f fanners felt that it was difficult to calculate the returns from energy 
crops due to uncertainty over costs, potential yields and prices. In comparison 
farmers were very aware o f returns from conventional crops and at what prices and 
yields they would be profitable. The lack o f a mature, fully developed market with 
clear prices was part o f the problem, with a perceived lack o f transparency. At 
present, farmers feel they have little choice but to sell to the power stations for co­
firing, where they believe they will always receive the lowest price as the power 
stations act as ‘middle men’ in the supply o f energy to consumers.
The preferred situation (thought to be the most profitable) for the farmers would be 
to 'supply kilowatts o f heat rather than kilograms o f wood' to local schools and 
hospitals, thus capturing more value through the development o f a vertically 
integrated business. This market is currently very underdeveloped in the UK and 
reliant on investment in biomass boilers and combined heat and power (CHP) plants. 
It is interesting to note that this market has perhaps the greatest potential in terms o f 
cost-effective GHG savings. Nevertheless, there was acknowledgement that powers 
stations had a role to play in developing a market for energy crops.
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8.3 Grant support
Very few farmers said they would consider growing energy crops without 
theestablishment grant, due to the high upfront capital costs and uncertainties over 
resulting net income. Indeed it was thought that net income would almost certainly 
be negative at current market prices without grant support. New applications to the 
English Energy Crop Scheme have been suspended since July 2006 with farmers 
uncertain as to when these grants will reappear, and expecting grant levels to be 
lower than previously available. It was felt these issues send poor signals to potential 
growers, particularly as establishment costs are unlikely to fall significantly in the 
near future.
The payments o f up to €45/ha (on non set-aside) under the EU Energy Crop Aid 
Scheme did not seem to be an important factor in encouraging uptake, as payments 
are low in comparison to establishment costs. In principle, however, the additional 
financial support was welcome. Anecdotal evidence suggests that the administrative 
requirements for claiming the Energy Crop Aid can be frustrating for farmers due to 
interaction o f claims made under the Single Payment Scheme and the requirement 
for the processor to lodge a €60/ha deposit.
An important aspect o f  energy crop production is that producers have high 
establishment costs yet no income until the first harvest after 4 years. One 
suggestion made at the discussion groups was that grant monies could be targeted at 
this period to resolve cash flow problems which may otherwise limit crop uptake.
8.4 Contracts with power stations
There was recognition that with the nature o f the cropping cycle, farmers and end- 
users would continue to rely on contracts, particularly with limited alternative 
markets for dedicated energy crops (SRC in particular, as Miscanthus has alternative 
uses e.g. for animal bedding). However, fanners were sceptical that prices offered by 
power stations would be sufficient to encourage significant uptake. Many believed
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energy crop prices were calculated when wheat was at £60 per tonne and had failed 
to rise sufficiently since then. Some felt contracts allowed for lower prices to be paid 
than they had been led to believe. There was also concern about a farmer's ability to 
enforce contracts if  the end-user decided they didn't want the crop or would only pay 
a lower price. Nevertheless, there was widespread acceptance that co-firing offers a 
lifeline to energy crop growers and in many cases constitutes the only viable market.
There was a belief that power stations were motivated primarily by renewable energy 
obligations and did not really want to use SRC to meet these, as it was more 
expensive than alternative co-firing feedstocks from forestry or imports. It was also 
felt that power stations were wavering in their commitment to SRC due to potential 
changes in the RO rules relating to co-firing. This would seem to tally with the 
expressed opinions o f a number o f generators who would rather have freedom to co- 
fire whatever feedstock they choose (Scottish and Southern Energy, 2006; Scottish 
Power, 2006), and suggests that removing the cap on energy crops could result in 
demand from co-firers declining significantly.
8.5 Markets
The 'chicken-and-egg' problem facing market development was identified as an 
important issue. Farmers have few incentives to grow energy crops without the 
existence o f competitive markets, and potential users have little incentive to invest in 
the technologies necessary to develop these markets if supply is both limited and 
uncertain. Many farmers felt that the government must play a significant role to 
stimulate demand through, for example, providing grants to local authorities, 
hospitals, schools and businesses to install biomass boilers. Equally it was felt that 
once a 'critical mass' o f energy crop growers had been established, this would 
increase confidence in energy crop supply, thus prompting more widespread 
development o f markets. Growers perceive that without intervention to stimulate this 
market then it may take a long time for this ‘critical mass’ to be achieved.
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There was also broad recognition that producer groups and cooperatives could play a 
key role in establishing new markets, as end-users are unlikely to deal with 
individual growers. Local markets for heat and for CHP were thought to have the 
most potential to be profitable by allowing farmers to deal directly (through co­
operatives or producer groups) with the end-users.
Farmers were keen to stress that development o f a mature market for energy crops, 
would be preferable to a culture o f ‘handouts’. However, it was conceded that, unless 
or until, higher energy prices make production more competitive than alternative 
land uses, subsidies (direct or indirect) would be required for energy crop production 
to become more widespread. Farmers pointed to Sweden, Germany and Austria as 
places where markets appear to have developed successfully, and felt that policy 
makers could learn lessons from the experience gained in these countries.
8.6 Producer groups and co-operation
Co-operation between farmers was seen as essential if  new and more profitable 
markets are to be developed. It was noted that, historically, crop production has not 
resulted in significant levels o f co-operation between farmers. Areas where co­
operation should bring benefits include the sharing o f  experiences on establishment, 
management, harvesting, processing and marketing o f the crops, and collective 
purchasing o f  required machinery.
The importance o f producer groups was acknowledged, but with awareness that they 
may not be the most impartial sources o f  information on energy crop production. The 
main concerns related to information on potential costs and returns and the more 
problematic aspects o f production. In practice, however, producer groups appeared to 
enjoy good relationships with most producers and as a result this was not a major 
issue.
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8.7 Type of land used to grow energy crops
Energy crops are more likely to be grown on a farm's least productive land, including 
arable land, set-aside and permanent pasture taken out o f dairy production or 
currently in grass lets. This reflects the speculative nature o f much energy crop 
production. Several more experienced growers stressed the direct relationship 
between yields and land productivity, although crop management was also important. 
Some arable farmers expressed interest in growing energy crop on permanent set- 
aside land to generate additional income. However, this land tends to be the least 
productive o f a farm's arable land with low yield expectations. Recent European 
Commission proposals mean set-aside is likely to be suspended in the UK in 2008, 
with much speculation that it will be scrapped, at least in its current form. These 
developments will clearly have an effect on the potential for future uptake o f energy 
crops on set-aside.
For most growers, energy crops are a diversification rather than a primary farm 
enterprise. A small number o f fanners had put most or all o f their land into energy 
crop production, which had enabled them to retire or focus on other activities such as 
contracting. At the moment farmers appear reluctant to use their most productive 
land for energy crops, but it was stressed that this was linked to the perception o f 
their poor profitability. In principle, many farmers may be willing to consider 
growing energy crops on more productive land, providing that agronomic conditions 
are suitable and they have confidence that energy crop production will be 
competitive in the long-term. Essentially if  returns from energy crop production were 
to be equal to or better than alternative uses, there appears no reason why uptake o f 
energy crop production on all suitable types o f land would not increase. However 
this seems unlikely in the short term, and one can speculate about the longer term 
opportunity costs o f energy crop land uses, given rapidly increasing food demand 
from China and India.
The perceived negative impact o f SRC roots on field drainage can be an important 
factor in the decision whether or not to grow energy crops. It was interesting that 
these concerns tended to come from potential growers rather than experienced ones;
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the latter group suggesting that careful site selection could prevent this from 
becoming a serious issue. Furthermore, it is unclear to what extent SRC damages 
field drainage above and beyond natural deterioration. Nonetheless, at least one 
producer group advises growers not to grow SRC where there are shallow drains 
(Thames Valley Bioenergy Coppice, 2007).
The uncertain cost o f returning land to alternative production was also a concern 
expressed by a number o f  farmers. Some existing growers suggested that it would 
not be too expensive or difficult; although no-one had direct experience.
8.8 Farm business impacts
M ost fanners said they would need to hire contractors for SRC establishment and 
harvesting due to the expense o f  purchasing specialist equipment. For Miscanthus it 
was felt that existing farm equipment might be suitable. Some already make 
extensive use o f  contractors in other aspects o f  their businesses, and therefore using 
energy crop contractors would have little impact on the farm structure. However, for 
those farmers who have not traditionally made use o f contractors this may be an 
issue. It was also suggested that growing energy crops could provide an opportunity 
to reduce fixed costs associated with machinery and labour, thus allowing farmers to 
engage in other on- or off-farm activities. Some growers have restructured to such an 
extent that they have become the providers o f energy crop contracting services to 
other growers.
8.9 UK farming sector impacts
There was unanimous agreement that the development o f  energy crops could only be 
good for the UK farming sector, as long as farmers could make a profit from growing 
them. It was thought that the impact o f taking land out o f production from other 
agricultural commodities would have the effect o f pushing up prices in general and
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thus benefiting UK agriculture. Several farmers reported that their neighbours had 
expressed interest in growing energy crops if  financial viability could be 
demonstrated.
8.10 Environmental Impacts
Several farmers with experience o f growing energy crops felt that SRC offered clear 
biodiversity benefits, but that these were not widely recognised by environmental 
groups and government bodies. Farmers were receiving mixed messages both from 
different organisations and on occasions from different individuals within a single 
organisation. Most farmers felt further research would be useful to clarify the impact 
o f energy crops on biodiversity so that a more consistent message can be given.
A number o f farmers believed that the public were supportive o f them growing 
energy crops, seeing it as a positive way o f tackling climate change. Public concerns 
over the landscape and visual impacts o f energy crops were not thought to be 
significant at present, but opposition may occur if  large scale planting were to take 
place. Several farmers were keen to point out as an example that initial public 
reaction to oil seed rape had been negative but that public perceptions were no longer 
hostile.
The potential for willow to provide environmental services such as water purification 
on floodplains through the uptake o f excess nutrients such as nitrogen was identified. 
Use o f sewage sludge on energy crops was cited as having the twin benefits of 
providing a safe disposal o f waste outside the food chain and acting as a source o f 
nutrients for the crop.
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8.11 Sources of information and information gaps
A  leaflet on short rotation coppice available from Defra (2006b) had been useful in 
general terms, although several farmers complained that staff at Defra and the Rural 
Payments Agency hadn't been able to provide any further information. For many 
farmers, producer groups had been the main information source. Farmers also 
received information from power companies and agronomist services contracted to 
these companies. However, none o f these sources were considered to be 
comprehensive.
Established growers said much o f their knowledge was from personal experience and 
sharing information with other farmers through producer groups and co-operatives. 
Site visits and talking to growers were also mentioned as a good way for farmers to 
find out about the practicalities o f energy crop production. It was stressed that there 
was a need for information that was clearly independent, objective, and practical.
None o f  the farmers had obtained information from the NFU, traditional 
agronomists, farm advisors or the Biomass Energy Centre; recently set up by the 
Forestry Commission in response to the findings o f  the Biomass Task Force. It was 
reported that the Biomass Energy Centre had actually approached a number o f the 
growers and producer groups from the Bawtry focus group in order to obtain 
information about energy crops.
Several farmers noted a lack o f  UK (or indeed Scotland) specific information on 
growing energy crops, and where information could be found it was not 
comprehensive and quite fragmented. One fanner suggested that a simple crib sheet 
with step-by-step details o f each stage in the production cycle (establishment, 
management and harvesting o f the crop), as well as details o f all administrative 
requirements, would be helpful. A key gap was also identified in relation to 
marketing and end uses o f  energy crops, including information on installing biomass 
boilers both for on-farm and local energy uses.
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It was thought that clear, practical information from impartial research organisations, 
disseminated through the Biomass Energy Centre, had the potential to complement 
information provided by producer groups.
9.0 Conclusion
While participants express optimism about the future o f energy crop production, 
there are clearly several barriers to widespread adoption. Key among these is 
financial returns, and the fact that competing activities are much more rewarding - in 
particular, wheat and oilseed rape, with current high prices partly driven by demand 
for liquid biofuels. This raises an important policy issue relating to the cost o f 
abating carbon emissions. Using perennial energy crops for heating is typically a 
very cost-effective use o f biomass to reduce carbon emissions, whereas transport 
biofuels from grain or oilseed is a much more expensive approach (Carbon Trust, 
2005; SAC, 2005).
While the forthcoming RTFO will provide a continued incentive to grow wheat and 
oilseed rape for biofuels, there is no such support mechanism for renewable heat. The 
focus on renewable electricity, and more latterly transport fuels, to the exclusion of 
renewable heat is a concern to both the Royal Commission on Environmental 
Pollution and the Biomass Task Force (RCEP, 2004; Biomass Task Force, 2005). 
While the RCEP proposed a 'Renewable Heat Obligation', the Biomass Task Force 
considered this unworkable, favouring instead a grant programme for boilers, 
subsequently adopted by Defra as Round 3 o f the Bio-energy Capital Grants Scheme 
(Defra, 2007b). As indicated, farmers believe such grants crucial to create a local 
demand for renewable heat, which they see as the most profitable future outlet for 
energy crops.
While successful development o f local markets should go some way to increasing 
returns to farmers and providing reassurance that someone will be able to take the 
crop at a competitive price, at the current time, planting grants and contracts are still
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required. There is a need to increase farmer confidence in the contracts, be it perhaps 
through government underwriting or some form o f insurance. An early decision on 
the establishment grant would also be welcome by farmers as it would mean one less 
uncertainty.
Finally, farmers need trusted information to make decisions, which predominantly 
come down to financial considerations at an individual farm level. The issue o f SRC 
roots potentially damaging field drains is a good example where the farmer needs to 
know how likely this is to happen in his case, and if  so, how much it would cost to 
rectify. It seems that the Biomass Energy Centre, although currently still building up 
knowledge, is in a good position to become the leading authority.
In terms o f  further research, there is a need to identify energy crop adoption 
intentions from a much larger range o f  farmers. Following from the focus groups, a 
postal survey based on the Theory o f Planned Behaviour (Ajzen, 1991) will be issued 
to establish the likely wider extent o f adoption, as well as identifying the relative 
importance o f  drivers and barriers highlighted by the groups. This will enable a 
better understanding o f how policy makers could tackle the specific issues that limit 
the potential o f  dedicated energy crops in the UK.
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Chapter 3: Farmer attitudes and intentions towards 
the adoption of perennial energy crops in the UK: 
An application of the Theory of Planned 
Behaviour
The research presented in this chapter has been published as Sherrington, C. and 
Moran, D„ 2008. Fanner attitudes and intentions towards the adoption o f perennial 
energy crops in the UK: An application o f the Theory o f Planned Behaviour, 
Proceedings o f  the 16th European Biomass Conference, Valencia, Spain, 5th June 
2008.
Abstract
The UK Biomass Strategy suggests that to reach the technical potential o f perennial 
energy crops such as short rotation coppice (SRC) willow and miscanthus by 2020 
would require 350,000 hectares o f land. This would represent a more than 20-fold 
increase on the current area o f 15,546 hectares. The decisions o f individual farmers 
whether or not to grow these crops are therefore a key potential constraint on supply. 
A postal survey using the social psychology technique the Theory o f Planned 
Behaviour was used to assess behavioural intentions, attitudes, subjective norms, and 
perceived behavioural control towards the adoption o f perennial energy crops. 
Results suggest that uptake will be minimal unless a number o f barriers to adoption 
are overcome. These include the perceived lack o f security and stability o f income 




The twin concerns o f  climate change and energy security have increased attention on 
renewable energy. In the UK, these factors have combined with an agricultural 
reform process that has highlighted the need for farmers to diversify away from 
traditionally supported arable and livestock products. Accordingly, the UK 
Government has in recent years demonstrated an increasing enthusiasm for the use o f 
biomass as a source o f  electricity, heat and transport fuel. The UK Biomass Strategy 
states the Government’s intention to bring about a major expansion in both the supply 
and use o f  biomass in the UK, indicating that biomass will have a central role to play 
in meeting the EU target o f  20% o f renewable energy by 2020 (Defra, 2007).
While the UK Biomass Strategy proposes an increase in the use o f biomass for heat, 
electricity and biofuels, beyond acknowledging the 10% minimum share o f biofuels 
target for 2020 (Council o f the European Union, 2007) it does not include specific 
targets for particular feedstocks or end uses. It does, however, outline what the UK 
Government considers to be the potential UK supply o f  biomass feedstocks up to 
2020. These feedstocks include forestry, wood waste, conventional agricultural 
crops such as wheat and oilseed rape, straw, perennial energy crops such as short 
rotation coppice (SRC) willow and miscanthus, and agricultural waste (RCEP, 2004; 
Defra, 2007).
To increase available biomass, Defra favours obtaining an additional 1 million dry 
tonnes o f  wood per annum from woodland and wood waste, more use o f manures 
and slurries, and a substantial growth in uptake o f  perennial energy crops (Defra,
2007). O f these sources, it is the anticipated change in levels o f perennial energy 
crops that is m ost dramatic. The technical potential o f energy crops is estimated to be 
17.2 TW h (1.48 Mtoe), while current availability is 0.07 - 0.09 Mtoe (Defra, 2007). 
Such an increase would represent an almost 20-fold increase in the level o f supply, 
albeit from a low level.
To reach the technical potential o f perennial energy crops by 2020 would require 
350,000 hectares (ha) o f  land, which is roughly 6.5% o f UK arable and set-aside
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land, assuming an average annual yield o f 9 odt/ha (Defra, 2007). The Renewables 
Innovation Review suggests this is a realistic area once a number o f constraints, 
including competition from other markets are taken into account (DTI, 2003).
The key feature o f  this, and other estimates o f future perennial energy crops supply 
(RCEP, 2004; Carbon Trust, 2005) is the assumption about farmer behaviour. It is 
taken for granted that farmers will choose to grow perennial energy crops up to the 
level o f the constraints that they identify. However, this assumption does not seem to 
be supported by experience to date.
Defra's Energy Crops Scheme, which provides establishment grants for SRC willow 
and miscanthus, along with support for developing SRC producer groups, had a 
number o f objectives for the first period o f the England Rural Development 
Programme (ERDP) (2000-2006). These included the planting, by 2006, o f 16,700 ha 
o f SRC and 5000 ha o f miscanthus in England (ADAS, 2003). When the scheme 
closed to applications, in July 2006, only 1180 ha o f SRC and 3356 ha o f miscanthus 
had been planted (Defra, 2006a), representing 20% o f the target level. This does, 
however, mark an improvement over the uptake by the half-way point in 2003, where 
only 2% o f the SRC target and 3% o f the miscanthus target had been planted (Defra, 
2006a).
More recently there has been an increase in interest in the payments, with 
applications for planting in 2007 due to take the area o f miscanthus to 12,627 ha, and 
SRC to 2600 ha in England (Defra, 2006a).
In Scotland the area planted or approved for planting up until the end o f 2006 is 300 
ha. Current applications for planting in 2007 and 2008 amount to around 600 ha 
(SAC, 2007). In Northern Ireland, 400 ha o f SRC have been planted or approved for 
planting to date, and a further 410 ha have been approved for the 2007 planting year, 
(DARDNI, 2007), while in Wales there is currently 40ha o f SRC and 72 ha o f 
miscanthus (WAG, 2007). The current total area o f energy crops in the UK is 15,546 
ha for SRC willow and miscanthus combined (Defra, 2007).
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This paper adds to a growing literature on perennial energy crops and the 
development o f biomass energy in the UK, Europe and beyond (Rosenqvist & 
Dawson, 2005; Skytte et al., 2006; Charles et al., 2007). While there has been much 
focus on techno-economic aspects and theoretical supply chain potential (Andersen 
et al., 2005; Ericsson & Nilsson, 2005; Styles & Jones, 2007), broad stakeholder 
opinion (Upham & Speakman, 2007) and wider public policy implications (Charles 
et al., 2007), relatively little is known about how individual farmers will respond to 
the opportunities presented by these relatively novel crops. Strawson (2005), writing 
from the perspective o f  a farmer with land already committed to SRC willow, and at 
a time when returns from alternative activities were much lower than at present, 
offers a relatively upbeat assessment o f the potential attractiveness o f the crop. 
However, in the context o f a significant and ongoing global rise in the price o f 
agricultural commodities such as wheat (FAO, 2007) a changing agricultural policy 
landscape in the EU (European Commission, 2007) and a UK renewable energy 
support mechanism that is under review (DTI, 2007), it is important to gain an up- 
to-date understanding o f  farmers' attitudes and behavioural intentions towards the 
adoption o f perennial energy crops.
This paper will show that for perennial energy crop feedstocks such as SRC willow 
and miscanthus, the likely level o f supply will be considerably below the theoretical 
potential unless a number o f barriers to their adoption by farmers are overcome. The 
paper is structured as follows. The next section outlines the framework for 
investigating the behavioural intentions o f UK farmers towards the adoption o f 
perennial energy crops, followed by a description o f the survey technique. The 
results are then presented, with the subsequent discussion looking at the implications 
o f the findings for policy makers.
13.0 Theoretical approach
The Theory o f  Reasoned Action (TORA) (Ajzen & Fishbein, 1980) and its extension 
the Theory o f Planned Behaviour (TPB) (Ajzen, 1991) provide the conceptual
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framework for investigating the attitudes and intentions o f farmers towards the 
adoption o f perennial energy crops. Both the TORA and the TPB have been widely 
used in agricultural research to understand barriers and drivers to the adoption o f new 
technologies and practices (Garforth et al., 2004; Beedell & Rehman, 2000; Defra, 
2006b) and to estimate the likely scale o f adoption o f particular activities (Mattison 
& Norris, 2007).
According to the TORA, the intention to adopt a particular behaviour is a function o f 
attitudes towards the behaviour and the subjective norm, that is the extent to which 
one is influenced by the views o f other people regarding the behaviour (Ajzen & 
Fishbein, 1980).
Attitudes are a product o f the extent to which one expects the behaviour to result in 
specific outcomes (outcome beliefs) and the importance o f those outcomes (outcome 
evaluations). The subjective norm is a function o f the perceived support o f salient 
referents (people to whom respondents might turn for advice) towards the behaviour 
(subjective beliefs) and the motivation to comply with those beliefs. The TORA 
claims that the intention to perform a particular behaviour is a reliable indicator o f 
actual future behaviour if  the expressed attitude towards this behaviour and/or the 
perceived social pressure to do so correlate closely with the stated intent. A 
comparison o f  the strength o f correlation o f the attitude and subjective norm with the 
stated intent towards the adoption o f SRC willow or miscanthus indicates which o f 
the two components has greater influence on the farmers' decision relating to the 
adoption o f these crops (Ajzen & Fishbein, 1980).
Theoretical developments in social psychology led to the Theory o f Planned 
Behaviour (see Figure 3), an extension o f the TORA that incorporates 'perceived 
behavioural control' as a measure o f the extent to which people believe they are able 
to control the outcome (Ajzen, 1991). This followed studies suggesting that TORA 
performed poorly where the perceived efficacy o f achieving the expected result was 
low - in which case the behaviour would not be attempted regardless o f the strength 
o f the attitudinal and social influences (Burton, 2004).
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Perceived behavioural control is an individual's assessment o f their own ability 
(control belief) to perform a particular behaviour and their capability (power o f 
control). The TPB states that perceived behavioural control can also predict 
behavioural intent. The contribution o f perceived behavioural control is assessed by 
comparing the strength o f  its correlation with intent with that o f the other two causal 
components (Ajzen, 1991).
Figure 3: Theory of Planned Behaviour (Ajzen, 1991)
O f central importance within a TPB study is the principle o f compatibility, that is 
"relations between attitudes and behaviours are maximally strong to the extent that 
their action, target, context, and time elements are assessed at the same level o f 
generality or specificity" (Eagly & Chaiken, 1993). In this study the TPB is applied 
to predicting farmers' behaviour towards the adoption o f perehnial energy crops over 
the next five years.
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13.1 Theory of Planned Behaviour study
The research comprised o f  a two stage interdependent data gathering process. 
Initially sets o f outcome beliefs and salient referents were identified through focus 
group discussions with farmers in three different areas o f the UK (Sherrington et al.,
2008). These took place in Thame (Oxfordshire), Bawtry (Nottinghamshire), and 
Scotlandwell (Fife), between November 2006 and January 2007. The locations were 
chosen for proximity to existing or proposed co-firing or dedicated biomass power 
plants, and attracted a mix both o f farmers who had experience o f growing perennial 
energy crops and those with no such experience.
The second stage involved using the identified outcome beliefs and salient referents 
in a structured questionnaire. A copy o f the questionnaire is provided at Appendix 
A. 1.0. Following a pilot survey, questionnaires were sent to 1500 farmers in three 
areas where SRC willow and miscanthus had already been planted under Defra's 
Energy Crops Scheme in England, and that were within 25 miles o f either a co-firing 
or dedicated biomass power plant. It was decided that this would be preferable to a 
survey covering the whole o f the UK, as in some areas there has been no 
development o f  perennial energy crops, co-firing or dedicated biomass power plant. 
By focusing on areas where there is an existing source o f demand, it was considered 
that the questiomiaires would be o f more relevance to farmers. Within these areas, 
farmers were selected at random from a business directory. In all, 150 usable 
responses were received - a response rate o f 10%.
This response rate was disappointing, but within the time constraints o f the project it 
was not possible to attempt any further persuasion o f those who had not already 
responded. While the sample size did allow for the determination o f some 
statistically significant differences between categories, these turned out to be less 
relevant in policy terms than some o f the key findings. For these findings o f greater 
policy relevance, the lack o f any significant difference between categories served to 
emphasise the widely held nature o f the generally negative perception o f perennial 
energy crops, and the shared views o f the barriers to adoption.
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A wider question is whether the farmers targeted were representative o f the wider 
farming community. In spatial terms, only three limited regions were selected for 
reasons outlined above, so it cannot be claimed that there is full geographical 
representativeness. No analysis has been undertaken o f whether, for example, older 
or more educated farmers, or certain farm types were over- or under-represented. 
However, the lack o f notable policy relevant significant differences between such 
categories means that no claims are being made in respect o f  such differences. 
However, it would be worthwhile in any future surveys establishing the extent to 
which the respondents are representative o f the wider farming community
Farmers were asked to score a response to the questions on a 5 point scale. These 
responses were numerically coded from -2 to +2 for analysis. Table 3 shows the 
question structure for each construct.
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TPB Construct Question Structure Measurement scale
Behavioural intention Are you intending to plant SRC willow 
on your farm in the next 5 years?
Certainly not, probably not, 
unsure, probably, certainly
Stated attitude
Choosing to plant SRC willow on my 
farm in the next 5 years would be a 
good decision
Strongly disagree, disagree, 
unsure, agree, strongly agree
Stated subjective 
norm
People whose opinions 1 value think 1 
should plant SRC willow on my farm in 
the next 5 years
Strongly disagree, disagree, 
unsure, agree, strongly agree
Outcome evaluation Do you agree or disagree with the 
following statements?
Strongly disagree, disagree, 
unsure, agree, strongly agree
Belief strength How important are the following to you?
Unimportant, not very 
important, no opinion, 
important, very important
Subjective belief
Do you think the following would 
approve or disapprove of you growing 
SRC willow on your farm in the next 5 
years?
Strongly disapprove, 
disapprove, unsure, approve, 
strongly approve
Motivation to comply
Would you follow the advice of the 
groups below in deciding whether or 
not to grow SRC willow on your farm in 
the next 5 years?
Very unlikely, unlikely, 
unsure, likely, highly likely
Perceived difficulty
How difficult would it be to grow SRC 
willow on your farm in the next 5 
years?
Very difficult, difficult, unsure, 
easy, very easy
Perceived ability
How confident are you of being able to 
grow SRC willow on your farm in the 
next 5 years?
Not at all confident, not very 
confident, don't know, 
confident, very confident
Table 3: Question structure for the TPB survey




14.1 Description of the sample
The description o f  the sample is divided into three sub-sections, broadly following 
the format employed by the University o f Reading in a TPB study for Defra in 2006 
(Defra, 2006b). The sub-sections are farm characteristics, farm operations and 
farmer traits (Table 4 to Table 6).
Farm parameters Overall sample (n=150)
Number of Percentage Mean, sem and median
Farm types 146 - -
Specialist dairy 36 24.7
Beef and/or sheep 18 12.3
Pigs and/or poultry 5 3.4
Mixed arable and livestock 59 40.4
Specialist cereals 6 4.1
General cropping (arable) 18 12.3
Other 4 2.7
Farmland type 149 - -
All lowland 124 83.2
Mostly lowland 12 8.1
Half and half 7 4.7
Mostly upland 1 0.7
All upland 5 3.4
Total farmed area (ha) 127 188.3 + 21.73; 112ha
Up to 58ha 32 25.2
58.1 - 112ha 32 25.2






Owned outright 49 47.6
Part tenanted/part owned 34 33.0
Table 4: Sample description based on farm characteristics
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About 40% o f the sample were mixed arable and livestock, followed by specialist 
dairy (25%), with beef and/or sheep and general cropping (arable) both at 12%. 
Specialist cereals accounted for just over 4%, and pigs and/or poultry just over 3%. 
Others (nearly 3%) comprised o f a mixture o f the main categories along with 
specialist vegetables. O f the five farmland types, all lowland dominated, with over 
80% o f the sample falling into this category, followed by mostly lowland (8%) and 
half and half (just under 5%).
Just over 3% were all upland, with less than 1% mostly upland. The mean farmed 
area for the whole sample was 188ha, whereas the median area was 112ha.
Table 5 describes the sample based on farm operations. Just over half recorded 
annual sales o f  agricultural produce o f over £100,000. About a fifth had sales o f  £50 
- 100,000, and a similar proportion had sales o f £10 - 50,000. Fewer than 10% of 
respondents had annual sales o f  less than £10,000. In tenns o f the proportional 
contribution o f  farming to annual household income, over half indicated that they are 
fully dependent, with one fifth about 75% dependent on fanning. 61% o f respondents 
indicated that their farm has made a moderate profit over the past three years, with 
6% recording a significant profit. About 20% broke even, 9% incurred a moderate 
loss, and 4% a significant loss.
In response to a question about the extent o f involvement in businesses run by 
farmers groups, 48% said they are not at all involved, with 46% involved 
occasionally. Only 6% are involved at every opportunity. Almost half o f respondents 
said that the farm business carried no debt. Nearly 39% said they were lightly in 
debt, and over 13% heavily in debt.
Only 14% o f respondents had fixed costs below 20%, while 44% had fixed costs 
from 21-40%. Just over a fifth had fixed costs o f over 40%, while a further fifth did 
not know the proportion o f total annual farm costs that were fixed costs. When asked 
about the proportion o f income from environmental schemes, almost three quarters 
indicated that these represented less than 5% of their income. For 10% of 
respondents environmental schemes contributed 20% or more o f annual farm 
income.
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In response to the question about the proportion o f total income accounted for by the 
Single Farm Payment, 70% said that this represented less than 40% o f their income, 
while for 20% it represented about half o f  their income. For 10% it represented more 
than half o f  their income.
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Farm operation parameters Overall sample




Less than £10,000 12 8.8
£10,001 to £50,000 30 22.1
£50,001 to £100,000 25 18.4
Over £100,000 69 50.7
Proportion of annual household income from farming 142 -
100% 76 53.5
About 75% 30 21.1
About 50% 13 9.2
About 25% 9 6.3
Below 25% 14 9.9
Over past three years has farm made a profit or a loss? 142 -
Significant profit 9 6.3
Moderate profit 86 60.6
Break even 28 19.7
Moderate loss 13 9.2
Significant loss 6 4.2
Extent of Involvement in businesses run by farmer groups 142 -
Not at all 68 47.9
Occasionally 65 45.8
At every opportunity 9 6.3
Farm business in debt 139 -
Not at all 66 47.5
Lightly 54 38.8
Heavily 19 13.7
Proportion of total annual farm costs that are 'fixed' costs 139 -
Less than 1C% 6 4.3
10-20% 13 9.4
21 - 30% 34 24.5
31 - 40% 27 19.4
41 - 50% 13 9.4
Over 50% 17 12.2
Don't know 29 20.9
Proportion of farm income from environmental schemes 145 -
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Proportion of total income from SFP 145









Table 5: Sample description based on farm operations
The male and female respondents comprised 95 and 5 percent respectively o f  the 
sample (see Table 6). The mean age o f respondents was 53 years. Almost half fell 
between the ages o f  41 and 55, with 20% aged between 56 and 65, and 17% aged 
over 65. Sixteen percent o f respondents were under 40.
In terms o f the highest level o f formal education attained, 23% have university 
degrees, with 41% having qualifications from technical colleges. The remaining 36% 
were educated to secondary school level.
In response to the question as to whether they see themselves as early adopters o f 
technology, 40% indicated that they were. A further 40% said they were not early 
adopters, while the remaining 20% stated that they don't know.
Thirty-five percent o f  respondents had identified a successor to take over the farm, 
while ju st under half had not. The remaining 16% answered that they may have 
identified a successor.
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Age 127 - 52.7 + 1.0; 52 years
Up to 40 years 20 15.7
41 - 55 years 60 47.2
56 - 65 years 25 19.7
>65 years 22 17.3
Education status 140 -
Secondary 51 36.4
Technical College 57 40.7
University 32 22.9
Early adopter of technology? 143
Yes 57 39.9
No 58 40.6
Don't know 28 19.6





Table 6: Sample description based on farmer traits
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Three o f the farmers who responded are already growing SRC willow, with areas o f 
10, 34 and 53 hectares. Nine farmers are already growing miscanthus, with eight 
indicating the area o f  the crop. This ranged from 4ha to 60ha, with a mean o f 20.6ha 
and a median o f  17.5ha.
14.2 Behavioural intentions
W hen existing growers were asked whether they planned to plant more SRC willow 
on their farm, the farmer with lOha said 'certainly not', the fanner with 53ha said 
'probably not', while the farmer with 34ha was unsure. O f those already growing 
miscanthus, two were 'certainly not' going to plant more, two were 'probably not', 
and one was unsure. One farmer said he probably would, while two certainly would.
The key questions relating to behavioural intention asked farmers who were not 
already growing perennial energy crops 'Are you intending to plant SRC willow on 
your farm in the next 5 years?', and 'Are you intending to plant miscanthus on your 
farm in the next 5 years?'
The responses are shown in Figure 4. It can be seen that stated intentions towards the 
adoption o f  both crops are generally negative, with the means for both lying between 
'certainly not' and probably not'. The stated intention towards miscanthus (mean - 
1.26) is slightly less negative than the stated intention towards SRC willow (mean - 
1.37).
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Are you intending to plant SRC W illow / M iscanthus on
your farm in the next 5 years?
70 —  .............................................
Certainly not Probably not Unsure Probably Certainly
Figure 4: Behavioural intentions towards planting perennial energy crops
According to the TPB, behavioural intention is a reliable predictor o f actual 
behaviour if  at least one o f the three main variables (attitude, subjective norm, or 
perceived behavioural control) correlates strongly with the stated intention. Table 7 
shows that there is a strong correlation between intention to adopt SRC willow and 
all three variables. Thus behavioural intention towards SRC willow can be 
considered reliable, with stated attitude having the greatest influence on behavioural 
intention.
Are you intending to plant SRC Willow on your 





Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.37
Stated attitude (SA) (-2 to +2) -0.77 .586(**)
Subjective norm (SN) (-2 to +2) -0.64 .440(**)
Perceived behavioural control (PBC) (-2 to +2) -0.67 .440(**)
** Correlation is significant at the .01 level (1- tailed)
Table 7: Correlation of main TPB variables with intention to adopt SRC willow
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For miscanthus, there are strong correlations between intention to adopt and all three 
main variables, as shown in Table 8. Thus behavioural intention towards miscanthus 
can be considered reliable, with stated attitude again having the greatest influence on 
behavioural intention, followed by perceived behavioural control.
Are you intending to plant Miscanthus on 





Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.26
Stated attitude (SA) (-2 to +2) -0.67 .585(**)
Subjective norm (SN) (-2 to +2) -0.51 ,342(**)
Perceived behavioural control (PBC) (-2 to +2) -0.57 .511 (**)
** Correlation is significant at the .01 level (1- tailed)
Table 8: Correlation of main TPB variables with intention to adopt miscanthus
A Kruskal-W allis analysis was undertaken to see if  there is any significant difference 
in behavioural intention by any o f  the categories o f farm characteristics, farm 
operations and farmer traits (see Table 4, to Table 6). For SRC willow, significant 
differences existed in just two categories - farmland type and the extent o f farm 
profit or loss. Table 9 shows that for farmland type, using the M ann-W hitney U-test, 
there is a significant difference in adoption intention between 'all lowland', with a 
mean score o f -1.45 (halfway between probably not and certainly not) and 'all 
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(-2 to +2) -1.45 -1.20 -1.00 - -0.50 .026
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Table 9: SRC willow adoption intentions by farmland type
Notwithstanding the small number o f'a ll upland' farms, in policy terms this does not 
seem to be immediately helpful as the adoption intention for 'all upland' farms is still 












n 8 80 22 10 5
mean mean mean mean mean K-W.
Sig
-1.75 -1.44 -1.00 -1.30 -2 .005











Significant profit i . . ns .009 ns ns
Moderate profit ns .007 ns .050
Break even .009 .007 ns .004
Moderate loss ns ns ns .034
Significant loss ns .050 .004 .034
'
V- " 'S  C-j.Ja
Table 10: SRC Willow adoption intentions by extent of profit or loss
Table 10 shows the significant differences in SRC willow adoption intentions 
between farms that recorded a significant loss ( mean -2.00), and those who broke 
even (mean -1.00), or had a moderate profit (mean -1.44) or loss (mean -1.30). There 
are also significant differences between those who broke even and those where a 
moderate or significant profit (mean -1.75) was recorded, ffowever the means o f the 
adoption intentions by extent o f  profit or loss all fall between 'probably not' and 
'certainly not’.
For miscanthus adoption intentions, shown in Table 11, a significant difference 
exists between those who consider themselves to be early adopters o f technology 
(mean -1.29) and those who responded ’don’t know’ (mean -0.84). A further
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significant difference exists between those who do not consider themselves to be 
early adopters o f technology (mean -1.41) and those who responded 'don’t know'. 
However, there is no significant difference between those who responded 'yes' and 
those who responded 'no', and there are obvious practical difficulties in actually 
identifying those who don't know whether or not they are early adopters. Moreover, 
all three mean responses were negative, ranging from just below 'probably not', to 
nearly half-way between 'probably not' and 'certainly not'.
Yes No Don't know
n 48 56 25
mean mean mean K-W. Sig
Intention (-2 to +2) -1.29 -1.41 -0.84 .022
Mann-Whitney U test significance values
Yes No Don't know
Yes ns .037
No ns .006
Don't know .037 .006 ■
Table 11: Miscanthus adoption intentions by whether the farmer considers 
themselves to be an early adopter of technology
There are also significant differences in miscanthus adoption intentions by the extent 
o f farm profit or loss. Table 12 shows that significant differences exist between those 
recording a significant loss (mean -2.00) and those who broke even (mean -1.04) or 










n 8 81 23 10 5
mean mean mean mean mean
K-W.
Sig
-1.63 -1.32 -1.04 -1.10 -2 .041












ns ns ns ns
Moderate
profit ns ns ns .029
Break even ns ns ns .010
Moderate
loss ns ns ns ‘ ¡• •Jt.vCri v .t> - .036
Significant
loss ns .029 .010 .036
v ï ■ ■ ■ ÿ
Table 12: Miscanthus adoption intentions by extent of profit or loss
Again these are all negative adoption intentions ranging from 'probably not' to 
'certainly not'.
14.3 Attitudes \
Stated or general attitude towards the adoption o f SRC willow was derived from the 
response to the statement 'Choosing to plant SRC Willow on my farm in the next 5 
years would be a good decision'. Possible responses ranged from strongly agree to 
strongly disagree (See Table 3). The mean value for the stated attitude towards 
adoption o f  SRC willow is -0.77 (see Table 7). Stated attitude has the strongest
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influence on behavioural intention o f all three main TPB variables (See Table 7). In 
order to get a more detailed understanding o f attitudes, respondents were asked to 
indicate their level of agreement/disagreement with a number o f specific outcome 
beliefs that had arisen from the focus groups. They also had to indicate the level o f 
importance attached to these outcomes.
Belief (-2 to 
+2)





SRC Willow will give a high gross margin -0.45 1.31 -0.62
Growing SRC Willow to contract will give me 
greater income security -0.32 1.47 -0.35
Growing SRC Willow fits in with my current 
cropping plans -0.89 1.15 -1.11
Growing SRC Willow to contract will give me 
greater stability of income -0.43 1.21 -0.43
It is easy to do the paperwork required to grow 
SRC Willow to contract -0.08 0.75 -0.17
SRC Willow roots will damage field drains -0.42 1.05 -0.99
Growing SRC Willow will reduce the flexibility of 
the farm business -0.5 1.03 -0.66
Growing SRC Willow is a good way for farmers to 
help tackle climate change 0.31 0.48 0.36
SRC Willow could be a good source of energy for 
local or on-farm use 0.3 -0.11 0.31
The likely costs and returns of SRC Willow are 
easy to calculate -0.01 1.33 0.02
Growing SRC is a good opportunity to reduce the 
time spent on farming activities 0.22 0.09 0.09
Growing SRC Willow will disrupt my cashflow -0.19 1.36 -0.35
Table 13: Outcome beliefs, outcome evaluations and attitudes towards the adoption of 
SRC willow
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M ost o f  the outcome beliefs in Table 13 are negative. For example, there is moderate 
disagreement (i.e. somewhere between unsure and disagree) that SRC willow will 
give a high gross margin. The outcome evaluations are mostly positive, indicating for 
example that getting a high gross margin lies somewhere between important and very 
important. M ultiplying these scores through for each respondent gives a calculated 
attitude score for each statement. The three most negative attitudes relate to SRC 
willow not fitting in with current cropping plans, willow roots damaging field drains, 
and SRC willow reducing the flexibility o f the farm business.
O f key importance in establishing the strength o f these attitudinal influences on 
intention to adopt is the correlation with the stated intent. This shows (Table 14) that 
the most important attitudinal barriers to the adoption o f SRC willow are the belief 
that growing SRC willow to contract will not give greater stability o f  income, 
followed by SRC willow not fitting in with current cropping plans. The next most 
significant are SRC willow roots damaging field drains, the lack o f improved income 
security from SRC willow, reducing the flexibility o f  the farm business, and 
disrupting cashflow.
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SRC Willow will give a high gross margin -0.62 .101
Growing SRC Willow to contract will give me greater 
income security -0.35 .240(**)
Growing SRC Willow fits in with my current cropping 
plans -1.11 .314(**)
Growing SRC Willow to contract will give me greater 
stability of income -0.43 342(**)
It is easy to do the paperwork required to grow SRC 
Willow to contract -0.17 .004
SRC Willow roots will damage field drains -0.99 ,286(**)
Growing SRC Willow will reduce the flexibility of the farm 
business -0.66 ,220(**)
Growing SRC Willow is a good way for farmers to help 
tackle climate change 0.36 .058
SRC Willow could be a good source of energy for local or 
on-farm use 0.31 .067
The likely costs and returns of SRC Willow are easy to 
calculate 0.02 .020
Growing SRC is a good opportunity to reduce the time 
spent on farming activities 0.09 .063
Growing SRC Willow will disrupt my cashflow -0.35 .217(**)
** Correlation is significant at the .01 level (1- tailed)
Table 14: Correlation between calculated attitudes and stated intention towards SRC 
willow
Interestingly, gross margin is not significantly correlated with intention to adopt SRC 
willow. This has important policy implications. It suggests that simply offering more 
money to farmers to grow SRC willow will not work unless a number o f other
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'preconditions' such as concerns over stability and security o f  income from contracts, 
as outlined above, are addressed.
Stated or general attitude towards the adoption o f miscanthus was derived from the 
response to the statement 'Choosing to plant miscanthus on my farm in the next 5 
years would be a good decision'. Possible responses ranged from strongly agree to 
strongly disagree (See Table 3). The mean value for the stated attitude towards 
adoption o f  miscanthus is -0.67 (see Table 8). As with SRC willow, stated attitude 
has the strongest influence on behavioural intention towards miscanthus o f all three 
main TPB variables (See Table 8). Again in order to get a more detailed 
understanding o f  attitudes towards adoption o f miscanthus, respondents were asked 
to indicate their level o f  agreement/disagreement with a number o f  specific outcome 
beliefs that had arisen from the focus groups.
Most o f  the outcome beliefs (See Table 15) for miscanthus are negative, although 
farmers are unsure/mildly disagree that they will damage field drains. The outcome 
evaluations are identical to those previously recorded for SRC willow as these 
questions were combined in the interest o f brevity. Again, multiplying these scores 
through for each respondent gives a calculated attitude for each statement.
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Belief (-2 to 
+2)






Miscanthus will give a high gross margin -0.35 -0.46 .1 5 8 0
Growing Miscanthus to contract will give me 
greater income security -0.12 -0.01 .329(**)
Growing Miscanthus fits in with my current 
cropping plans -0.63 -0.8 .423(**)
Growing Miscanthus to contract will give me 
greater stability of income -0.25 -0.22 ,456(**)
It is easy to do the paperwork required to grow 
Miscanthus to contract -0.04 -0.13 .064
Miscanthus roots will damage field drains 0.12 -0.12 .130
Growing Miscanthus will reduce the flexibility 
of the farm business -0.25 -0.29 .103
Growing Miscanthus is a good way for farmers 
to help tackle climate change 0.31 0.39 ,150(*)
Miscanthus could be a good source of energy 
for local or on-farm use 0.29 0.26 .073
The likely costs and returns of Miscanthus are 
easy to calculate 0.05 0.15 .1 5 6 0
Growing Miscanthus is a good opportunity to 
reduce the time spent on farming activities 0.2 0.15 .016
Growing Miscanthus will disrupt my cashflow -0.26 -0.43 .144
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)
Table 15: Outcome beliefs, calculated attitudes, and correlation between calculated 
attitudes and stated intention towards miscanthus.
The three most negative attitudes relate to miscanthus not fitting in with current 
cropping plans, not having a high gross margin, and disrupting cashflow. Again it is 
important to establish the strength o f  these influences on intention to adopt. The final
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column o f Table 13 shows that the most significant attitudinal barriers to adoption 
for miscanthus are the belief that growing miscanthus to contract will not give 
greater stability o f  income, followed by miscanthus not fitting in with current 
cropping plans, and not increasing income security. Less significant correlations 
include miscanthus not having a high gross margin.
14.4 Subjective norm
Stated or general subjective norm towards the adoption o f SRC willow was derived 
from the response to the statement 'People whose opinions I value think I should 
plant SRC willow on my farm in the next five years'. Possible responses ranged from 
strongly agree to strongly disagree (See Table 3). The mean value for the stated 
subjective norm towards adoption o f SRC willow is -0.64 (see Table 7). Stated 
subjective norm is strongly correlated with behavioural intention, with an influence 
on behavioural intention equal to that o f perceived behavioural control but less than 
that o f stated attitude (See Table 7).
A key part o f any agricultural knowledge transfer strategy is to identify appropriate 
channels for communicating with farmers about specific new policies or techniques 
(Garforth et al., 2004). These trusted sources o f advice and influence can be 
identified by using the TPB. A number o f salient referents were identified in the 
focus groups, and respondents to the questionnaire were asked to indicate the extent 
to which these referents would approve or disapprove o f them growing SRC willow 
on their farms in the next five years (subjective belief). They were also asked how 
likely it was that they would follow the advice o f  these referents in relation to the 
adoption o f these perennial energy crops (motivation to comply).
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Subjective 
belief (-2 to 
+2)
Motivation to 
comply (-2 to 
+2)
Subjective 





Mean Mean Mean rs
Would the following 
approve or disapprove 
of you growing SRC 
Willow?
Farmers clubs -0.04 -0.61 0.19 -.019
Existing SRC growers 0.45 -0.12 0.15 .152
Other farmers -0.13 -0.16 0.35 -.107
SRC Producer groups 0.63 -0.17 0.07 .1 6 8 0
Power companies 0.7 -0.47 -0.28 .253(**)
Farming press 0.41 -0.37 -0.03 .160(‘ )
Defra 0.51 -0.47 -0.15 .1 5 8 0
Biomass Energy Centre 0.88 -0.24 -0.11 .2 0 0 0
NFU 0.29 -0.35 0.1 .027
Agronomist -0.25 0 0.1 .093
Own experience / 
judgement -0.32 0.28 -0.03 .112
Family -0.32 0.01 0.05 -.031
Members of the public 0.28 -0.9 -0.15 .019
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)
Table 16: Mean subjective belief, motivation to comply, subjective norm for salient 
referents with regard to the adoption of SRC willow, and correlation of referent 
subjective norm with intent.
The subjective beliefs listed in Table 16 show that, as might be expected, farmers 
think that those who would most strongly approve o f them growing SRC willow are
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the Biomass Energy Centre (mean 0.88), power companies (mean 0.70), SRC 
producer groups (mean 0.63), and Defra (mean 0.51).
Still with a positive mean, but closer to 'unsure' than 'approve', are existing SRC 
growers (mean 0.45), farming press (mean 0.41), NFU (mean 0.29) and members o f 
the public (mean 0.28). Negative means, moving from 'unsure' towards 'disapprove' 
were obtained for farmers clubs (mean -0.04), other farmers (mean -0.13), 
agronomist (mean -0.25), and own experience/judgement and family both with a 
mean o f -0.28.
What is particularly interesting is the motivation to comply with the various salient 
referents, which tends to be negative, but not strongly. This would support the 
findings from the focus groups (Sherrington et al., 2008) that farmers are sceptical 
o f  certain interests, that there is a need for clear, unbiased information, and that 
farmers really don't know where to turn for advice on perennial energy crops. Indeed 
the mean for own experience/judgement (0.28) suggests that farmers do not have 
confidence in their own judgem ent on perennial energy crops. The least negative 
means, following own experience/judgement and family are agronomist (mean 0), 
existing SRC growers (mean -0.12), other farmers (mean -0.16) and SRC producer 
groups (mean -0.17). This would suggest that the current practice o f farm open days, 
where prospective adopters view SRC willow being grown and harvested are a 
relatively effective way o f getting information across.
Multiplying through the scores for subjective belief and motivation to comply for 
each individual we get the referent subjective norm. Looking at the correlation o f the 
referent subjective norms with intent in isolation, one might be forgiven for thinking 
that power companies are the best channel for extending information to potential 
growers o f SRC willow. However, as we have seen, this strong correlation with 
intent is in fact due to the negative motivation to comply with a referent who 
approves o f  an activity that the majority o f  respondents do not in fact plan to 
undertake.
Stated or general subjective norm towards the adoption o f  miscanthus was derived 
from the response to the statement 'People whose opinions I value think I should
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plant miscanthus on my farm in the next five years'. Possible responses ranged from 
strongly agree to strongly disagree (See Table 3). The mean value for the stated 
subjective norm towards adoption o f miscanthus is -0.51 (see Table 8). Stated 
subjective norm is strongly correlated with behavioural intention, but with an 
influence on behavioural intention less than that o f both perceived behavioural 
control and stated attitude (See Table 8).
Respondents to the questionnaire were asked to indicate the extent to which the 
salient referents would approve or disapprove o f them growing miscanthus on their 
farms in the next five years (subjective belief). Their motivations to comply with 
these salient referents are identical to those previously recorded for SRC willow as 
these questions were combined. This followed feedback from the pilot survey where 
it was identified that the questionnaire was too long.
The subjective beliefs listed in Table 17 show that, again as might be expected, 
farmers think that those who would most strongly approve o f them growing 
miscanthus are the Biomass Energy Centre (mean 0.78), power companies (mean 
0.70), and miscanthus producer groups (mean 0.65).
Still with a positive mean, but closer to 'unsure' than 'approve', are Deffa (mean 
0.49), existing miscanthus growers (mean 0.43), farming press (mean 0.33), NFU 
(mean 0.24) members o f the public (mean 0.08), and farmers clubs (0.03). Negative 
means, moving from 'unsure' towards ’disapprove' were obtained for other farmers 
(mean -0.01), agronomist (mean -0.17), family (mean o f -0.21), and own 
experience/judgement with a mean o f -0.22.
These subjective beliefs are very close to those given for SRC willow, and underline 
the uncertainty as to what farmers believe many referents actually think about the 
adoption o f perennial energy crops.
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Subjective 
belief (-2 to 
+2)
Motivation to 
comply (-2 to 
+2)
Subjective 




Mean Mean Mean rs
Would the following 
approve or disapprove of 
you growing 
Miscanthus?
Farmers clubs 0.03 -0.61 0.16 -.019
Existing Miscanthus 
growers 0.43 -0.12 0.33 .152
Other farmers -0.01 -0.16 0.35 -.107
Miscanthus producer 
groups 0.65 -0.17 0.2 .168(*)
Power companies 0.70 -0.47 -0.17 .2 5 3 (0
Farming press 0.33 -0.37 0.02 .1 6 0 0
Defra 0.49 -0.47 -0.08 .1 5 8 0
Biomass Energy Centre 0.78 -0.24 -0.02 .2 0 0 0
NFU 0.24 -0.35 0.14 .027
Agronomist -0.17 0 0.3 .093
Own
experience/judgement -0.22 0.28 0.08 .112
Family -0.21 0.01 0.15 -.031
Members of the public 0.08 -0.90
\
0.02 .019
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)
Table 17: Mean subjective belief, motivation to comply, subjective norm for salient 
referents with regard to the adoption of miscanthus, and correlation of referent 
subjective norm with intent.
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Multiplying through the scores for subjective belief and motivation to comply for 
each individual we get the referent subjective norm. Looking at the correlation o f the 
referent subjective norms with intent in isolation, it again appears that power 
companies are the best channel for extending information to potential growers o f 
miscanthus. However, once more this strong correlation with intent is in fact due to 
the negative motivation to comply with a referent who approves o f an activity that 
the majority o f respondents do not in fact plan to undertake.
14.5 Perceived behavioural control
Perceived behavioural control in respect o f the adoption o f SRC willow was obtained 
from the mean value o f responses to two statements relating to difficulty and ability. 
The first was 'How difficult would it be to grow SRC willow on your farm in the 
next 5 years?'. Possible responses ranged from very difficult to very easy (See Table 
3). The second was 'How confident are you o f being able to grow SRC willow on 
your farm in the next 5 years?'. Possible responses ranged from very confident to not 
at all confident (See Table 3).
The mean value for perceived behavioural control in respect o f the adoption o f SRC 
willow is -0.67 (see Table 7). This correlates strongly with stated intent, and exerts a 
similar level o f  influence on intent as stated subjective norm, but less influence on 
intent than stated attitude (See Table 7).
When the two components o f perceived behavioural control in respect o f the 
adoption o f  SRC willow are viewed independently (See Table 18), farmers see 
growing SRC willow as moderately difficult (mean -0.38), but when it comes to 
confidence in their ability to grow it, they are not very confident (mean -0.97). Both 
ability and difficulty are strongly correlated with behavioural intent, with ability 
exerting the stronger influence.
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Are you intending to plant SRC Willow on your 





Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.37
PBC (-2 to +2) -0.67 ,440(**)
Difficulty -0.38 ,301(**)
Ability -0.97 ,501(**)
** Correlation is significant at the .01 level (1- tailed)
Table 18: Mean scores for PBC, Difficulty and Ability in respect of the adoption of SRC 
Willow, and correlation with intent.
These results would appear to support the view from the focus groups that specialist 
contractors would be needed for SRC establishment and harvesting due to the 
requirement o f specialist equipment (Sherrington et al., 2008).
Perceived behavioural control in respect o f  the adoption o f miscanthus was obtained 
in the same way - from the mean value o f responses to two statements relating to 
difficulty and ability. The first was 'How difficult would it be to grow miscanthus on 
your farm in the next 5 years?'. Possible responses ranged from very difficult to very 
easy (See Table 3). The second was 'How confident are you o f being able to grow 
miscanthus on your farm in the next 5 years?'. Possible responses ranged from very 
confident to not at all confident (See Table 3).
The mean value for perceived behavioural control in respect o f the adoption o f 
miscanthus is -0.57 (see Table 8). This correlates strongly with stated intent, and 
exerts more influence on intent than stated subjective norm, but slightly less 
influence on intent than stated attitude (See Table 8).
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When the two components of perceived behavioural control in respect o f the 
adoption o f miscanthus are viewed independently (See Table 17), farmers see 
growing miscanthus as moderately difficult (mean -0.35), but when it comes to 
confidence in their ability to grow it, they are not very confident (mean -0.81). Both 
ability and difficulty are strongly correlated with behavioural intent, with ability 
exerting the stronger influence.
Are you intending to plant 
Miscanthus on your farm in 
the next 5 years? Overall sample n=149
Correlation with intent
(I)
Main TPB variables Mean rs
Intention (1) (-2 to +2) -1.26
(PBC) (-2 to +2) -0.57 .511(**)
Difficulty -0.35 ,387(**)
Ability -0.81 ,578(**)
** Correlation is significant at the .01 level (1- tailed)
Table 19: Mean scores for PBC, Difficulty and Ability in respect of the adoption of 
miscanthus, and correlation with intent.
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15.0 Discussion
While it is fairly common for farmers not to admit to outside sources o f influence in 
open discussion (Burton, 2004), other postal surveys have elicited a number o f 
positive mean sources o f  influence (Garforth et al., 2004; Mattison & Norris, 2007). 
This reinforces the perception from the focus groups (Sherrington et al., 2008) that 
farmers don’t know who to turn to for advice on perennial energy crops. However, 
the mean values do not tell the whole story. Table 20 lists the number who indicated 




Existing SRC willow / miscanthus growers 41
Family 41
Other farmers 38
SRC willow / miscanthus producer groups 35






Members of the public 10
Table 20: The number of respondents indicating that they would be likely or highly 
likely to follow the advice of specific salient referents.
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It can be seen that in terms o f non-family referents, the five most likely sources of 
advice are agronomists, existing SRC willow/miscanthus growers, other farmers, 
SRC willow/miscanthus producer groups, and the Biomass Energy Centre. This 
tends to support findings from the focus groups (Sherrington et al., 2008) that site 
visits and talking to existing growers are good ways o f obtaining information, as is 
sharing information with other farmers through producer groups and co-operatives. It 
was thought by focus group participants that the Biomass Energy Centre had the 
potential to become a trusted source o f information (Sherrington et al., 2008). To this 
can be added the suggestion that involving agronomists in open days organised by 
existing growers and producer groups would seem to be a reasonable way o f 
promoting knowledge transfer among potential adopters.
Farmers do not, in general, seem to know a great deal about perennial energy crops. 
In response to the question o f whether SRC willow will give a high gross margin, 
64% were unsure, and for miscanthus, 67% were unsure. Unsurprisingly, in answer 
to the question o f whether the likely costs and returns o f SRC willow are easy to 
calculate, 80% were unsure, and 72% unsure for miscanthus. Likewise 85% were 
unsure whether the paperwork required to grow SRC willow to contract was easy, 
with 79% unsure about the paperwork required for miscanthus.
The finding that gross margin is not significantly correlated with behavioural intent 
for SRC willow, and is less significantly correlated than a number o f other attitudinal 
factors for miscanthus is o f  importance for policy makers. It suggests that simply 
increasing the gross margin for perennial energy crops will not be an effective way 
o f encouraging increased farmer uptake unless a number o f issues such as those 
relating to security and stability o f income from contracts are addressed. The 
proposed banding o f the Renewables Obligation (DTI, 2007), intended to give a 
greater financial reward to those growing perennial energy crops, may not therefore 
bring about an increase in adoption unless the issues mentioned above are addressed 
at the same time.
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16.0 Conclusion
It seems unlikely that the theoretical potential o f  perennial energy crops in the UK 
will be realised unless a number o f barriers to adoption are overcome. For both SRC 
willow and miscanthus, these include concerns about the security and stability o f 
income from contracts. Specifically in relation to SRC willow, fanners have 
concerns over disruption to cashflow, reduction in the flexibility o f  the farm 
business, and damage to field drains from willow roots.
W hile farmers in general don’t consider that miscanthus or SRC willow will give a 
high gross margin, simply increasing the financial return from these crops without 
addressing the concerns outlined above is unlikely to result in widespread uptake.
In terms o f  further research, farm-level mathematical programming techniques will 
be used to identify the level o f  uptake that might be expected at different gross 
margins if  the barriers identified in this paper are overcome, and assuming profit 
maximisation as the objective.
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Chapter 4: Modelling farmer uptake of perennial
energy crops in the UK
The research presented in this chapter has been published as Sherrington, C. & 
Moran, D., (2010) Modelling fanner uptake o f perennial energy crops in the UK, 
Energy Policy (article in press). A CD containing the Excel models used in this study 
is included as an appendix
Abstract
The UK Biomass Strategy suggests that to reach the technical potential o f perennial 
energy crops such as short rotation coppice (SRC) willow and miscanthus by 2020 
requires 350,000 hectares o f land. This represents a more than 20-fold increase on 
the current 15,546 hectares. Previous research has identified several barriers to 
adoption, including concerns over security o f income from contracts. In addition, 
farmers perceive returns from these crops to be lower than for conventional crops. 
This paper uses a farm-level linear programming model to investigate theoretical 
uptake o f energy crops at different gross margins under the assumption o f a profit- 
maximising decision maker, and in the absence o f known barriers to adoption. The 
findings suggest that while SRC willow, at current prices, remains less competitive, 
returns to miscanthus should have encouraged adoption on a wider scale than at 
present. This highlights the importance o f the barriers to adoption. Recently 
announced contracts for miscanthus appear to offer a significant premium to farmers 
in order to encourage them to grow the crops. This raises the question o f whether a 
more cost-effective approach would be for government to provide guarantees 
addressing farmers concerns including security of income from the contracts. Such 
an approach should encourage adoption at lower gross margins.
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19.0 Introduction
In seeking both to tackle climate change and ensure that the UK has a secure supply 
o f affordable energy, the UK Government is proposing a significant expansion in the 
generation o f energy from renewable sources (DECC, 2009a). Under the Renewable 
Energy Directive, the UK is committed to the EU wide target to source 20% o f the 
EU's total energy use from renewable sources by 2020. The UK’s contribution 
towards this target is to provide renewable sources for 15% o f its total energy use by 
2020 (European Parliament and Council o f  the European Union, 2009). This would 
represent a ten-fold increase in levels o f renewable generation over the next 12 years. 
The UK Government’s Renewable Energy Strategy, which outlines how this level o f 
generation could be achieved indicates that around 30% o f the UK renewable energy 
target could come from biomass (DECC, 2009a)
The term 'biomass' covers a range o f renewable fuels derived from organic matter, o f 
which there are a number o f possible sources in the UK. These include landfill gas, 
sewage gas, forestry, wood waste, conventional agricultural crops such as wheat and 
oilseed rape, straw, perennial energy crops, and agricultural waste (RCEP, 2004; 
Defra, 2007).
To increase available biomass, Deffa (2007) favours obtaining an additional 1 
million dry tonnes o f  wood per annum from woodland and wood waste, more use o f 
manures and slurries, and a substantial growth in the uptake o f perennial energy 
crops such as short rotation coppice (SRC) willow and miscanthus. O f these sources, 
it is the anticipated change in levels o f perennial energy crops that is most dramatic, 
from under 16,000 hectares (ha) at present to 350,000 ha by 2020. This represents 
approximately a 20-fold increase, and would occupy roughly 6.5% o f UK arable and 
set-aside land (Defra, 2007). The Renewable Energy Strategy is even more 
ambitious, with a supporting annex, looking at both arable and pasture land 
suggesting that the potential could be up to 2.2 million ha by 2030 (E4Tech, 2009).
Perennial energy crops can be considered as a novel enterprise for UK farmers, both 
in terms o f  their cultivation, and in their position at the interface between agricultural
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and energy policy. This brings a greater number o f uncertainties than exist with 
conventional agricultural activities (Sherrington et al., 2008), and a number o f 
financial and non-financial barriers to the adoption o f such crops by UK farmers 
have been identified. These include concerns over the security and stability of 
income from contracts, disruption to cashflow, and reduced farm business flexibility 
(Sherrington et al., 2008; Sherrington and Moran, 2008). This paper builds on 
existing understanding by using a farm-level linear programming model to 
investigate theoretical uptake in energy crops at different gross margins (revenue 
minus variable costs) under the assumption o f a profit-maximising decision maker, 
and in the absence o f known barriers to adoption. The findings suggest that SRC 
willow at current prices remains unattractive for most farm types purely on a gross 
margin basis, even before accounting for concerns such as the impact o f roots on 
field drains, and the security o f the contracts available, although potential does exist 
for greater financial returns as the market for heat from SRC willow develops. 
Miscanthus, however, is currently more attractive on a gross margin basis, and the 
modelling suggests that adoption should, in theory, be widespread. There are fewer 
non-financial barriers to the adoption o f miscanthus than SRC willow (Sherrington et 
al., 2008), and prices now available on contracts to supply miscanthus for co-firing at 
the UK ’s largest coal fired power station (Farmers Weekly, 2008; Farmers Guardian, 
2008) make this crop considerably more attractive.
The paper is structured as follows. The next section compares estimates o f the 
theoretical potential o f perennial energy crops with actual uptake to date, before 
reviewing current understanding o f barriers to energy crop adoption. The 
methodology for application o f the linear programming model and its inputs are then 
described, and the results at the farm-level, and on aggregate, subsequently 
presented. A discussion section considers the results in the context o f support for 
energy crops through energy and agricultural policies, and through contracts. A 
number o f  issues o f policy significance are highlighted, followed by some 
recommendations and concluding comments.
I l l
19.1 Theoretical potential of energy crops in the UK
The theoretical potential o f energy crops is estimated by Defra to be 17.2 TW h 9 
(1.48 Mtoe) 10 per annum, while current availability is 0.07-0.09 Mtoe per annum 
(Defra, 2007). To reach this potential by 2020 would require 350,000 hectares (ha) o f 
land, which is roughly 6.5% o f UK arable and set-aside land, assuming an average 
annual yield o f 9 oven dried tonnes (odt) per hectare (Defra, 2007). The Renewables 
Innovation Review (DTI, 2003), the original source o f the above theoretical 
potential, suggests this is a realistic area once a number o f constraints, including 
competition from other markets, are taken into account.
A recently developed range o f energy crop scenarios used to inform the Renewable 
Energy Strategy suggests that by 2030, using both arable and pasture land, the 
potential could be up to 2.2 million hectares (E4Tech, 2009).
However, the actual realisation o f the potential for these crops depends upon farmer 
behaviour -  whether or not individual farmers choose to grow SRC willow and/or 
miscanthus. Experience to date suggests that farmer behaviour could be an important 
constraint on realising widespread uptake, on the scale identified by the estimates 
above.
Defra's Energy Crops Scheme, which provides establishment grants for SRC willow 
and miscanthus, was intended to support the planting, by 2006, o f 16,700ha o f SRC 
and 5000ha o f miscanthus in England (ADAS, 2003). When the scheme closed to 
applications, in July 2006, only 1,180 hectares o f  SRC and 3,356 ha o f  miscanthus 
had been planted, however, increased interest in the payments, saw applications for
9 Terrawatt hours (One terrawatt is a trillion, or 1012 watts)
10 Million tonnes o f  oil equivalent
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planting in 2007 set to take the area o f miscanthus to 12,627ha, and SRC to 2,600ha 
in England (Defra, 2006).
In Scotland, the area planted or approved for planting up until the end o f 2006 was 
300ha, with applications for planting in 2007 and 2008 amounting to around 600ha 
(SAC, 2007a). In Northern Ireland, 810ha o f SRC have been planted or approved for 
planting (DARDNI, 2007), while in Wales there is known to be 40ha o f  SRC and 
72ha o f miscanthus (Welsh Assembly Government, 2007).
The latest published figure for the total area o f perennial energy crops in the UK is 
15,546ha for SRC willow and miscanthus combined (Defra, 2007), however it is 
believed that the planted area is now around 17,000ha (RELU, 2009).
19.2 Farmer attitudes and intentions towards the adoption of 
perennial energy crops
Focus group research involving existing and potential growers o f SRC willow and 
miscanthus (Sherrington et al., 2008) revealed a broad consensus that the principle 
factor affecting a farmer's decision whether or not to grow perennial energy crops 
was perception o f the level, and the security, o f the financial return.
O f key importance to focus group participants was the establishment grant. Very few 
would consider growing perennial energy crops in the absence o f the grant, due to 
high upfront costs and uncertainties over the resulting net income (Sherrington et al., 
2008). However, the establishment grant has since been reduced from £ 1000/ha to a 
typical level o f £665/ha for SRC willow, and from £920/ha to £800/ha for 
miscanthus (Jones, 2007). From the perspective o f farmers taking part in the focus 
groups, this would make the crops less attractive.
Farmers felt that the lack o f an incentive for renewable heat was a significant barrier 
to the development o f energy crop supply, particularly for SRC willow. There was a 
keen awareness that the financial return could be greater if  farmers were supplying 
local schools, hospitals or leisure centres. It was felt that supply to large electricity
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generators would never be the most financially attractive option. This view is 
supported by Valentine et al. (2008), who consider that SRC willow is currently 
undervalued, and that higher prices should be achievable as the market develops and 
the inherent energy value is fully recognised.
Follow up research (Sherrington and Moran, 2008) in the form o f a wider postal 
survey o f UK farmers' attitudes and behavioural intentions towards perennial energy 
crops identified that perception o f  financial return was not simply a question o f 
anticipated gross margin. O f greater concern was the security and stability o f income 
from contracts, disruption to cashflow, and reduced farm business flexibility. 
Specifically in relation to SRC willow, there were worries about damage to field 
drains from the roots.
The opportunity cost o f growing perennial energy crops was also a concern to focus 
group participants. While the price o f  wheat and other annual crops has increased 
dramatically in recent years, the price offered for SRC willow and miscanthus was 
not felt to have risen much at all (Sherrington et al., 2008). Moreover, farmers are 
familiar with annual crops, for which there is a well developed market. While 
farmers may not always get the price they are expecting with wheat, they know they 
will at least be able to sell it, whereas for perennial energy crops, the lack o f  a 
developed market means farmers are concerned about being left with a crop that no- 
one will buy. The majority o f focus group participants felt it was difficult to 
calculate the returns from energy crops due to uncertainty over costs, yields and 
prices. In contrast, farmers were very aware o f returns from conventional annual 
crops and at what prices and yields they would be profitable (Sherrington et al.,
2008). There is also the issue o f flexibility, with farmers valuing the ability to switch 
crops year on year - something that would not be possible on land committed to 
perennial energy crops (Sherrington et al., 2008).
University o f  Cambridge (2005) identifies that farmers are often reluctant to switch 
from one annual crop with which they are familiar to another less familiar annual 
crop. This inertia means that farmers may not immediately switch on the basis o f  an 
increased gross margin. For miscanthus and SRC willow the differences are greater 
still. SAC (2007a) states that for most farm businesses SRC willow remains
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unattractive due to the long term commitment required, loss o f cropping flexibility, 
and limited market. It is suggested that to overcome these issues and achieve large 
scale plantings, SRC willow returns would have to significantly exceed those 
achievable in conventional arable systems (SAC, 2007a).
However, estimating the required level o f return is very difficult as the risks involved 
in growing perennial energy crops are o f a different kind to those associated with 
annual crops. Comparison o f two annual crops might be based on their average yield 
and price over a number o f years, and the variance o f those factors, with a higher 
variance indicating a greater risk. For perennial energy crops there is no such track 
record o f  yield and price to which farmers can refer with confidence. Indeed, along 
with yield and price risk, there is regulatory risk, arising from both agricultural and 
energy policy. The suspension o f the establishment grant and the subsequent 
lowering o f the payment level is an example o f the former, while ongoing 
amendments as to the status o f co-firing within the RO (Sherrington et al„ 2008), and 
subsequent banding o f ROCs (OPSI, 2009) are examples o f the latter. There is also 
institutional risk, in terms o f the confidence that farmers have in the security o f 
payments available through contracts (Sherrington et al., 2008).
While difficult to model, the fact that farmers' perceptions o f the risks associated 
with perennial energy crops have been identified is an important step. As Meijer et 
al. (2007) point out, identifying dominant sources o f uncertainty can deliver valuable 
insights for policy makers, who may choose to act to tackle these barriers to 
adoption. Sherrington et ah, (2008), for example, suggest that farmer confidence in 
the security o f the contracts could be increased through government underwriting or 
some form o f insurance.
This paper therefore abstracts from these uncertainties, and looks at the level o f 
financial return required to motivate farmers to adopt perennial energy crops under 
the assumption o f  a profit maximising decision maker, and in the absence of 
previously identified barriers.
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20.0 Methodology for application of the farm 
level model
A generic linear programming model for farm-level analysis, developed at the 
Scottish Agricultural College (SAC) was used to assess the likely uptake o f  perennial 
energy crops at different gross margins under the assumption o f  a profit maximising 
decision-maker, as outlined above. The model can be calibrated to represent any 
particular farm situation, in terms o f basic resource endowments, and run using 
Visual Basic for Applications and Microsoft Excel Solver to simulate representative 
or real farm situations. The model has been used in various studies, e.g. Revell and 
Oglethorpe (2003), to analyse the economic impacts o f  policy developments on farm 
businesses, particularly relating to how enterprise substitutions may occur. The 
model incorporates all major cropping and livestock activities carried out on UK 
farms and can thus be calibrated for all mainstream farming types (University o f 
Cambridge, 2005). The objective function o f  the model is to maximise the overall 
farm gross margin (revenue minus variable costs) in a single year (SRC willow and 
miscanthus gross margins are therefore represented as annual equivalent values) 
within the constraints o f  available resources such as land, labour and machinery.
Gross margins are not explicitly entered into the model for conventional crops, but 
are implicit from the variable costs involved in production, relating for example to 
seeds, fertiliser, and herbicides, and the revenue based on the yield and the prices 
received. For the purposes o f this exercise, energy crops are included in the model as 
an extra activity available to the farmer. This energy crop option does have an 
explicit gross margin. The model proceeds through a number o f runs, with the 
objective o f maximising the whole farm gross margin. With each run o f  the model, 
the gross margin attributed to energy crops is gradually increased, and the effect o f 
this on the amount o f land allocated to energy crops is observed. Having identified 
the gross margin that is necessary to bring about a certain level o f uptake, the 
price/yield/subsidy combination necessary to achieve such a gross margin is 
considered.
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Fixed costs are included in the modelling in order to calculate a net margin for SRC 
and miscanthus, but the allocation o f land to energy crops in the model is determined 
simply by the energy crop’s gross margin. It is considered likely that for most 
farmers the establishment and harvesting o f perennial energy crops will be 
undertaken by contractors (University o f Cambridge, 2005; Sherrington et al., 2008), 
and this is reflected in the model where these activities make no call on the farm’s 
labour or machinery resources. For conventional crops, however, farms have a 
choice o f using on-farm machinery and labour, which is effectively a fixed-cost 
aspect, or alternatively, once these resources are fully allocated, contractors and 
related machinery can be brought in. It is worth noting that the use o f contractors for 
conventional crops represents a variable cost attributed to the specific activity, and 
will therefore reduce the gross margin o f that particular activity.
It was decided not to attempt explicitly to consider risk within the model because, as 
outlined above, the risks associated with growing perennial energy crops are 
different from those related to conventional crops. In addition to potential variations 
in price and yield, a number o f specific concerns stem from the position o f perennial 
energy crops at the interface o f agricultural and energy policy. Alongside this 
changing regulatory framework is the perceived institutional risk associated with 
contracts. The approach taken, therefore, is to abstract from these previously 
identified risks (Sherrington et al., 2008; Sherrington & Moran, 2008) and examine 
theoretical uptake under the assumption that these barriers to adoption had 
effectively been tackled through policy intervention.
While this approach was taken for the purposes o f this assessment, for future work, 
risk could be included within the model using, for example, Monte Carlo methods. 
Under this approach, probability distributions could be described for the prices 
available for competing activities. In addition, such techniques could be used to 
account for risk in the production of energy crops, such as for the cost o f inputs, 
harvesting, and indeed the yield that might be expected.
The model was used by University o f Cambridge (2005) to predict uptake o f 
perennial energy crops at different gross margins across four o f the major farm types 
(cereal farms, mixed farms, general cropping farms, cattle and sheep (lowland)
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farms). However, in the context o f the subsequent significant global rise in the price 
o f  agricultural commodities such as wheat (FAO, 2007, Farmers Weekly, 2009b) and 
the role that biomass is due to play in the UK Government's approach to tackling 
climate change (DECC, 2009a) it is important to reassess the gross margins that 
would be required to stimulate production to the level necessary to meet the 
theoretical potential. The four representative farm types are distinguished in the 
model principally on the basis o f the number o f  hectares o f different land types 
available for different activities. As in the University o f Cambridge (2005) study, 
each o f the farm types were split into three size groups based on classifications from 
the Farm Accounts in England (Defra, 2002) (see Table 21). As with the University 
o f Cambridge (2005) study, within the model energy crop production can only occur 
on tillable land. It is recognised that this is a simplification in that some farmers may 
choose to plant perennial energy crops on less productive soils, although the yield 
and therefore gross margin would be lower in these cases.










Small 60 0.5 8.7 50.8
Medium 143 1.1 13.5 128.4
Large 392 1.2 21.5 369.3
Mixed
Small 90 0.1 29 60.9
Medium 125 0.5 37.1 87.4
Large 286 6.6 69.6 209.8
General
cropping
Small 68 0 \ 4 64
Medium 88 0.1 8.7 79.2




Small 80 2 51.2 26.8
Medium 121 0.1 78 42.9
Large 205 5 91.4 108.6
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Table 21: Farm types used in modelling exercise
With an increase in agricultural commodity prices over the past few years, UK 
farmers are now achieving higher gross margins for a number o f conventional crops. 
A typical gross margin for winter wheat, for example, has increased from £3 01/ha 
(University o f  Cambridge, 2005) to £738/ha (SAC, 2007b). While the prices 
achieved for such crops have increased considerably, the focus group participants 
suggested that prices offered for energy crops have failed to keep up. Prices, and 
input costs, for conventional activities included in the model (see Table 22) were 
updated using the 2007/08 edition o f the Farm Management Handbook (SAC, 
2007b), and the analysis re-run to investigate the gross margins that would have to be 
achieved by energy crops to bring about adoption.
W inter W inter W inter Oilseed Field
W heat Barley Oats Rape Beans
YIELD
Yield (Grain/Seed) (t/ha) 8 7.5 7.5 4 5
Yield (straw) (t/ha) 5.2 5.6 6.4
OUTPUT
Grain/seed (£/t) 115 105 105 185 135
Straw (£/t) 25 30 35
Grain/seed (£/ha) 920 788 788 740 674
Straw (£/ha) 130 168 224
Total output (£/ha) 1050 956 1012 740 674
VARIABLE COSTS
Seed (£/t) 275 270 290 7000 350
Seed (£/ha) 63 59 55 45 88
Fertiliser 143 134 98 127 31
Contract 48 48
Sprays 92 60 59 84 91
O ther crop expenses 14 15 17
Total Variable Costs (£/ha) 312 268 229 304 258
GROSS MARGIN 738 688 783 436 417
Table 22: Yields, Outputs, Variable Costs and Gross Margins of Conventional Crops 
(Source: Farm Management Handbook (SAC 2007b)
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Prices were based on a single year rather than taking a weighted mean o f  prices over 
5 years, as it was felt that doing so would not accurately reflect the price expectations 
o f fanners. Among focus group participants (Sherrington et al., 2008) there was 
much speculation (and some excitement) as to how high the wheat price might go. 
UK wheat fritures rose from around £90/t in January 2007 to a peak o f  £ 190/t in 
March 2008. While they have subsequently fallen back, the current futures price for 
feed wheat for delivery in November 2010 is £115/t (Farmers Weekly, 2009a), which 
is well above the five year average. Moreover, the OECD’s outlook for the next 
decade is that agricultural commodity prices will remain at a higher level than in the 
past ten years (Farmers Weekly, 2009b). Therefore, the prices used in the model, as 
shown in Table 23, while above the five year average, are well below the peaks o f 
recent years.
Activity Price (£/t) 2002-03 Price (£/t) 2007-08
Winter wheat 70 115
Winter barley 66 105
Winter oats 56 105
Oilseed rape 144 185
Field beans 74 135
Table 23: Comparison of conventional crop prices between 2002/03 and 2007/08 
(Source: Farm Management Handbook (SAC 2002; SAC 2007b)
A simple budgeting analysis would suggest that new activities would have to provide 
gross margins greater than those for alternative crops in order to be adopted. 
However, agronomic and practical constraints prevent farmers from growing a single 
but profitable crop. Instead, crop interactions within a rotation give rise to an 
optimum combination o f crops within a farm business. One advantage for SRC 
willow and miscanthus in this respect, as perennial crops, is that they fall outside o f 
any rotational constraints.
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20.1 Energy crop cost, yield and price assumptions
All periodic variable costs such as harvesting, and assumptions relating to yield, for 
both SRC willow (9odt/ha/yr) and miscanthus (14odt/ha/yr), are held at the same 
levels as the standard assumptions used by University o f  Cambridge (2005). For SRC 
willow at 9/odt/ha/yr the contract costs for each harvest are taken to be £311/ha. The 
marketing costs (for loading, weighbridge charges and moisture testing) are £135/ha 
(£5/odt), and the handling & drying costs are £162/ha (£6/odt). This gives total 
variable costs in the harvest year o f £608/ha, or approximately £203 on an annual 
basis.
For miscanthus, assuming yields increase up to 14odt/ha/yr, the contract costs for 
each harvest are taken to be £92/ha. The marketing costs are £45/ha (£3.20/odt), and 
the handling & drying costs are £56/ha (£4/odt). This gives total variable costs in the 
harvest year o f £ 193/ha. These cost figures, for both SRC willow and miscanthus, are 
consistent with those currently used by the TSEC-Biosys programme, and have been 
validated through discussions with industry (Bauen, 2008).
The establishment costs and associated grants, however, are updated to take account 
o f the more recent work for Defra by Jones (2007). The ex-farm price for SRC 
willow has been increased to £40/odt, to represent contracts currently available to 
farmers in the vicinity o f Drax power station (CRL, 2008). The ex-farm price for 
miscanthus has been increased to £60/odt, as per contracts now available to fanners 
wishing to supply Drax (Fanners Weekly, 2008). These costs and assumed revenues 
over a 16 year period are discounted at 6%, representing the farmer's cost o f  capital, 
to give a net present value (NPV) and an annual equivalent value (AEV). The AEV 




This section first presents the calculated likely gross margins for SRC willow and 
miscanthus, followed by model results showing the gross margins that would be 
required to achieve a certain level o f uptake.
21.1 Energy crop gross margins
As with any discounted cashflow model, increased costs in the year o f establishment 
(Year 0), have a greater impact on the NPV and AEV than any increases in 
subsequent years. The figures presented by Jones (2007) mean that SRC willow 
delivers a lower gross margin under standard assumptions (see Table 24) than 
previously reported by University o f  Cambridge (2005), even when increasing the 
price from £35/odt to £40/odt. If  the price were taken to be £44/odt, then the gross 
margin is £98/ha, barely changed from the University o f Cambridge (2005) figure. It 
is o f  interest, however, to consider the impact o f  an increase in the price for SRC 
willow to levels suggested by Valentine et al. (2008). The authors suggest that £45- 
60/odt is a more realistic price in terms o f the developing market. This would deliver 
a gross margin o f  between £106/ha and £221/ha. A higher potential value o f  £75/odt 
is suggested as better representing the inherent energy value. This would deliver a 
gross margin o f £337. However, for the purposes o f this exercise, the use o f  the 







and grant level as per 
Jones (2007)
Price £/odt 35 40
Yield odt/ha/yr 9 9
Energy crop payment £/ha 30 30
Establishment costs £/ha 1273 1663
Establishment grant £/ha 1000 665
Gross margin £/ha 97 67
Table 24: Effect of revised establishment costs and grant levels on Gross Margin of 
SRC willow under standard assumptions
Miscanthus, on the other hand, now shows a greatly increased gross margin o f 
£444/ha based on the significant increase in price to £60/odt (see Table 25). 
However, it is not clear whether this price would be offered for supply to facilities 
other than Drax. Had the price remained at £25/odt, the effect o f the revised 
establishment costs and grant levels would have been to reduce the gross margin to 
£35/ha. Working on the estimated price quoted by Nix (2007) o f £35/odt, the gross 





and grant level as per 
Jones (2007)
Price £/odt 25 60
Yield odt/ha/yr 14 14
Energy crop payment £/ha 30 30
Establishment costs £/ha 1691 2000
Establishment grant £/ha 920 800
Gross margin £/ha 75 444
Table 25: Effect of revised establishment costs and grant levels on Gross Margin of 
miscanthus under standard assumptions
123
21.2 Modelled uptake
The figures below show the uptake for each farm type and size, for 2002/03 prices o f 
competing activities and for 2007/08 prices. In general terms, the higher prices 
obtained for conventional crops in 2007/08 have led to an increase in the gross 
margin that is required before energy crops are adopted. Once they are adopted, the 
models show smaller proportions o f  the farm being allocated to energy crops in the 
2007/08 scenarios for a given gross margin. This is in line with the intuitive 
assumption that higher prices for alternative crops would increase the return required 
from energy crops before adoption.
Figure 5: Uptake of perennial energy crops on cereal farrhs
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Figure 6: Uptake of perennial energy crops on mixed farms
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Figure 7: Uptake of perennial energy crops on general cropping farms
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Figure 8: Uptake of perennial energy crops on cattle and sheep (lowland) farms
As with all linear programming models, understanding the underlying assumptions is 
important in interpreting the results. One assumption is that the model is constrained 
so that farms are engaged in some farming activity. This means that the level o f 
uptake for the 2002/03 results is considered to be exaggerated at lower levels o f 
gross margin, because until the gross margin reaches a certain level, the farmer may 
well choose simply to take the single farm payment, which is not linked to 
production, and undertake the minimum necessary to achieve ‘Good Agricultural and 
Environmental Condition’ (GAEC) which is a requirement for receipt o f the payment 
(University o f Cambridge, 2005). In reality, this is less likely to be the case in the 
2007/08 run o f the model where high prices for conventional crops mean farmers are 
seeking to bring more land back into production (Farmers Weekly, 2007).
As noted by University o f  Cambridge (2005), uptake o f  energy crops in the model 
appears to occur at levels o f gross margin lower than would be expected given the 
gross margins o f  conventional crops. With gross margins o f  £ 125/ha, most o f  the 
farm types/sizes modelled have adopted energy crops to some extent, and by 
£150/ha, all but one o f  the models have done so. This is related to the fact that the 
energy crop gross margins include the costs o f machinery and labour as most work is
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undertaken through contract. In the model farms have a choice o f using on-farm 
machinery and labour, which is effectively a fixed-cost aspect, or alternatively, once 
these resources are fully allocated, contractors and related machinery can be brought 
in, but these will represent a variable cost attributed to the specific activity, and will 
therefore reduce the gross margin o f that particular activity. It is noticeable in this 
respect that larger farms generally seem to have lower thresholds for uptake. A large 
proportion o f cereals are grown with the use o f contractors on the larger farms, which 
reduces their gross margin accordingly and therefore reduces the level o f gross 
margin necessary before energy crops become viable, and leads to higher uptake at 
lower gross margins (University o f Cambridge, 2005). This reflects the reality that 
on farms where there is an existing labour force and sufficient machinery to 
undertake all tasks, energy crops are less likely to be adopted. If they were, and 
contractors were brought in to do the work (and focus group findings suggested that 
farmers would almost always want a contractor to undertake the specialised work), 
the fixed labour costs would still have to be paid even if  staff were standing idle.
The model also shows major changes in cropping with relatively small changes in the 
gross margin o f energy crops. Again, this is due to the underlying assumptions within 
the model, such that once the gross margin for energy crops is higher than alternative 
activities, large changes occur. In practice, this is thought unlikely to take place due 
to farmers’ aversion to risk, which is not considered within the model (University o f 
Cambridge, 2005).
21.3 Aggregate levels of uptake
It is o f  interest to investigate what the observed results at the farm-scale might mean 
in terms o f production on a regional or national basis. At the simplest level, this 
involves aggregation o f the farm-level results. However, it is important to note that 
when reporting farm-level results, no account is taken o f longer term market 
conditions, and the 'small firm' case prevails where no endogenous changes in 
demand or supply are implemented by the model. Therefore, as supply levels shift.
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the resultant changes in price are not accounted for, and should be borne in mind 
when interpreting such aggregated estimates (Revell and Oglethorpe, 2003).
Table 26 shows the results for each o f the 12 farm type and size combinations when 
aggregated using data on the number o f such businesses in England from the June 
Census (Defra, 2002). These indicate that on comparison o f  financial returns alone, 
and abstracting from known barriers to adoption, the theoretical potential o f 





























































































































































































Taking the estimated price quoted by Nix (2007) for miscanthus o f £35/odt to be 
representative o f what has been available to farmers in recent years, the gross margin 
would typically be £152/ha. At this level, as shown in Table 26, the models show an 
aggregate uptake o f  almost 2.9 million hectares, which is over eight times the 
theoretical potential as considered by Deffa (2007). While this is likely to be an 
exaggerated level, as it does not account o f  any changes in price as a response to 
increased supply, notwithstanding the general reluctance on the part o f farmers to 
make large changes to their cropping plan simply on the basis o f  a more competitive 
gross margin, it does demonstrate that for many farms, a crop providing these 
returns, using a price at the lower end o f what is currently available, should be 
attractive. The most recent available figures on miscanthus uptake indicate an area o f 
12,627ha in England (Deffa, 2006), which is less than 0.5 % o f the modelled level.
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22.0 Discussion
It is possible to identify from Figure 5, Figure 6, Figure 7 and Figure 8, the general 
trend in uptake o f the energy crop option, resulting from increased prices for 
conventional activities. One might quite reasonably assume that taking an average of 
prices between 2002/03 and 2007/08 might generate levels o f energy crop uptake 
that follow the same trends, but lying between the levels shown for the different 
years. The results o f  this model should not, however, be taken as a forecast for a 
number o f reasons that have been outlined in the text. These include the novel nature 
o f the crops, the lack o f an established market, and the associated risks as perceived 
by farmers.
Previous research has identified that in general there tend to be fewer barriers to the 
adoption o f miscanthus than there are for SRC willow (Sherrington et al., 2008).
Even so, miscanthus is clearly not yet an attractive crop for farmers to the extent that 
might be expected given the current estimated level o f return. This discrepancy 
between the modelled results and the area o f land that has actually been committed to 
miscanthus, which is also due in part to the limited number (and distribution) of 
dedicated biomass and co-firing power stations, highlights the significance o f these 
barriers and the threat that they pose to the attainment o f the technical potential o f 
perennial energy crops in the UK (Defra, 2007).
The actual supply response o f UK farmers to perennial energy crops, given the 
current energy and agricultural policy environment, is clearly going to be different 
from the modelled supply response. Farmers perceive these novel crops to present a 
greater risk than conventional annual crops, for numerous reasons outlined above, 
and will not simply switch to them when the predicted gross margin is slightly higher 
than for an existing activity. For most farmers, there should, however, come a point 
when the price offered for miscanthus or SRC willow is sufficiently high to 
overcome these other concerns. When this occurs, in effect, payment will accurately 
reflect the premium for the risk that individual farmers believe they are taking. An
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interesting example to observe will be farmer uptake o f the £60/odt contracts for 
miscanthus offered by Bical for supply to Drax (Farmers Weekly, 2008). Over time, 
increased uptake and farmers’ increased familiarity with the crops should act to 
reduce the required risk premium.
The prices offered by these contracts have been calculated in this paper to deliver a 
gross margin o f £444/ha. While this may well be sufficiently attractive to enough 
farmers for D rax’s supply expectations to be realised, it would seem, from the model, 
that a considerable risk premium is being paid. It is therefore worth assessing the 
impact o f current agricultural and energy policy on the perception o f risks relating to 
these crops, the extent to which this is dealt with in contracts, and considering what 
approaches might serve to lower the perceived risks, and thus lessen the barriers to 
adoption.
22.1 Agricultural policy support for perennial energy crops
A  number o f grants have been available to fanners throughout the UK for the 
establishment o f SRC willow and miscanthus with an energy end use in mind. In 
England, the Energy Crops Scheme (ECS) under the 2000-2006 England Rural 
Development Programme (ERDP) offered £1000/ha for SRC willow and £920/ha for 
miscanthus. This scheme closed to applicants in the summer o f  2006, and has been 
superseded by a new ECS (2007-2013), which opened in October 2007.
The main difference with the new scheme is that for both SRC and miscanthus, 
payment will be based on 40% o f actual establishment costs instead o f  a fixed 
hectarage basis (Natural England, 2007). Taking Defra's estimate o f typical 
establishment costs for SRC o f £1663 (Jones, 2007) the grant will be reduced from 
£ 1000/ha to £665/ha. For miscanthus, the estimate o f establishment costs is £2000/ha 
(Jones, 2007), and thus the grant will be £800/ha.
Sherrington et al. (2008) identified that the establishment grant is o f  key importance 
to focus group participants. Very few would consider growing perennial energy 
crops in the absence o f the grant, due to high upfront costs and uncertainties over the
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resulting net income (Sherrington et al., 2008). While fanners still have concerns 
over the security o f income from energy crop contracts (Sherrington et al., 2008; 
Sherrington and Moran, 2008), this reduction in the level o f upfront support does not 
appear to be consistent with the aim o f encouraging a wider uptake (Defra, 2007). 
From the perspective o f  farmers taking part in the focus groups, this would make the 
crops less attractive.
22.2 Energy policy support for energy crops
The Renewables Obligation (RO) is the UK Government's key policy mechanism for 
increasing the proportion o f electricity derived from renewable sources. Under the 
scheme there is a mandatory requirement for UK electricity suppliers to source a 
growing percentage o f  electricity from eligible renewable generation capacity.
In April 2009, the RO changed from being ‘technology neutral, awarding ROCs for 
every MW h o f electricity produced from any eligible renewable source, to providing 
different levels o f support to different technologies through ‘banding’. Technologies 
are now grouped in ‘bands’, receiving 0.25, 0.5, 1, 1.5 or 2 ROCs per MWh, based 
on their level o f development and generation costs. This is to encourage a greater 
diversity o f renewable technologies and give greater support for those technologies 
that are currently less cost-effective. Under the amended Obligation, co-firing o f 
regular (non-energy crop) biomass, considered an established technology, receives a 
reduced level o f support o f 0.5 ROCs, while co-firing o f energy crops is awarded 1 
ROC for every MWh. Dedicated regular biomass receives 1.5 ROCs, while energy 
crops in dedicated biomass burners or in combined heat and power (CHP) receive 2 
ROCs (OPSI, 2009).
Valentine et al. (2008) calculate that this additional 0.5 ROC payment for energy 
crops should be worth £28.81 per odt to electricity generators. This is based on the 
2007/08 ROC buyout price o f £34.30 (BWEA, 2008) and a value to generators of 
1.68MWhe/odt (assuming wood at 35% moisture and with 35% conversion 
efficiency) (Valentine et al., 2008). This figure does not seem to account for a typical
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supplier margin, with the average o f industry data showing that 88% o f the ROC 
value is actually received by generators, the remaining 12% being held by the 
suppliers o f  electricity to end consumers (Carbon Trust, 2005). However, with the 
current traded ROC price o f  approximately £53/MW h (NFPA, 2009), it could be 
assumed that the additional 0.5 ROCs is worth approximately £39 per odt to 
generators. How much o f this value might then be passed through to energy crop 
growers is uncertain.
Sherrington and Moran (2008) conclude that while farmers in general don't consider 
that miscanthus or SRC willow will give a high gross margin, simply increasing the 
financial return from these crops without addressing the concerns relating to security 
o f  contracts and stability o f income is unlikely to result in widespread uptake. 
However, this is precisely what has happened with banding o f  the Renewables 
Obligation, which gives electricity generation from energy crops a higher level o f 
support than for electricity generation from regular biomass (OPSI, 2009). This 
support is in fact directed towards the electricity supplier rather than the farmer, but 
the expectation is that the higher prices should, via the generator, feed through to 
farmers and increase uptake (Valentine et al., 2008).
In combination with changing agricultural policy support, it can be seen that there 
has been a shift in emphasis away from up-front and direct funding to the farmer via 
establishment grants towards the ‘indirect’ funding o f electricity generation from 
perennial energy crops, which should theoretically deliver increased revenues to the 
fanner four years after initial establishment o f the crops. While farmers have 
concerns over the security o f income through currently available contracts, this will 
serve to reduce the effectiveness o f increasing the potential financial return.
Heat generation from energy crops has long been recognised by the Government as 
an efficient way to reduce carbon emissions (DTI & Defra, 2006), and The Energy 
Act 2008 (HMSO, 2008) allowed for the setting up o f  a Renewable Heat Incentive 
(RHI). This is due to be introduced in April 2011, and will provide support for the 
use o f perennial energy crops for heat generation at all scales. (DECC, 2009b). 
Fanners participating in the focus group discussion felt that the lack o f an incentive 
for renewable heat was a significant barrier to the development o f energy crop
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supply, particularly tor SRC willow. It was strongly felt that the financial return 
could be greater, and contractual security improved, if farmers were supplying local 
schools, hospitals or leisure centres (Sherrington et al., 2008).
22.3 Contracts available for SRC willow and miscanthus
Coppice Resources Ltd (CRL) offered farmers contracts, in 2007, to supply Drax, 
with Retail Price Index (RPI) linked payments for the harvested crop o f around 
£37.50/odt (ex-farm at 35% moisture content) (CRL, 2007). These have since been 
increased to £40/odt (CRL, 2008). CRL also offer a contract for supply to the 
Biojoule pellet plant, at £15/odt for the standing crop, with all harvesting, handling 
and haulage costs covered by CRL. A further contract is available to supply the 
Sembcorp Wilton 10 power station on Teeside. In 2007, this offered £41.50/odt 
(delivered price at £35% moisture content). This has since been increased to £61/odt, 
but a formula is used to account for the amount o f fuel needed to dry the chip down 
(CRL, 2008). At 35% moisture content, and using CRL's assumption o f £12/odt for 
haulage costs, the price equates to approximately £44/odt ex-farm. As o f October 
2008, CRL has no growers lined up to supply SRC willow to Drax, Biojoule, or 
Sembcorp Wilton 10 (CRL, 2008).
Valentine et al. (2008) consider that current prices offered for SRC willow do not 
fully reflect the value o f the crop. In their analysis they consider £45-60/odt to be a 
more realistic price in terms o f the developing market, and £75/odt a higher potential 
value based on inherent energy value. The forthcoming RHI raises the likelihood that 
prices for SRC willow will indeed increase in future years.
Nix (2007) quotes a price range for miscanthus o f £25-£45 per odt, based on 
information supplied by Bical, and uses £35/odt to illustrate a gross margin 
calculation. More recently, a price o f £60/odt ex-farm has been quoted as available 
through Bical to supply Drax (Fanners Weekly, 2008; Farmers Guardian, 2008).
This represents a substantial improvement on the previous prices available for 
miscanthus
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It is not clear, however, that this price will become available to farmers wishing to 
supply facilities other than Drax. As an independent power producer operating one 
4000MW  coal fired power station, they are not representative o f  the vertically 
integrated power companies that constitute the majority o f the UK's electricity 
generation. Drax's expenditure on carbon allowances within the EU Emissions 
Trading Scheme increased from £11 million in the first six months o f 2007, to £107 
million in the first six months o f  2008. This is due both to a reduction in the number 
o f  free allocations awarded to Drax under Phase II, and an increase in the cost o f the 
allowances that must be purchased (Carbon Finance, 2008). This would have the 
effect o f making combustion o f biomass relatively more attractive due to the benefits 
o f  avoided carbon costs. While the carbon neutrality o f biomass under the EU-ETS 
increases its attractiveness to all power producers, other generators with a less carbon 
intensive mix o f  coal, gas and renewable generation may not be under such pressure.
Importantly, Bical has introduced a scheme for deferred payment o f 43% o f the first 
two year's costs (Farmers Weekly, 2008). The deferred payment scheme would also 
appear to address one o f  the key concerns that farmers have about perennial energy 
crops, which is the issue o f  cashflow difficulties in the period before the first harvest 
(Sherrington et al., 2008). The reduction in the establishment grant will have made 
this deferred payment scheme even more important.
22.4 Tackling barriers to uptake in a cost-effective manner
W idespread adoption o f energy crops could bring societal benefits in terms o f both 
cost-effective reductions in carbon emissions, and increased security o f  energy 
supply.
Use o f perennial energy crops, and in particular using SRC willow for heat 
generation has been demonstrated to be a cost-effective approach to reducing carbon 
emissions (University o f Cambridge, 2005). There are also some important 
arguments in relation to security o f energy supply that cannot readily be incorporated
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into models as presented in this paper. All things being equal, it might be expected 
that UK citizens would place a premium on an energy source that was guaranteed to 
contribute to UK supply, as opposed to imports of, for example, natural gas that are 
seen as ‘less secure’. While there is a lack o f empirical evidence that would enable 
such a premium to be modelled in respect o f potential future uptake, in future years it 
may well be that such a premium becomes apparent, to the benefit o f UK growers o f 
energy crops.
However, current farmer perception o f the risk involved in growing perennial energy 
crops, allied with the way agricultural and energy policy is formulated threatens to 
either:
a) Prevent such potentially cost-effective carbon reduction options taking place 
(at least on anything other than a relatively small scale); or
b) Increase the overall cost o f reducing emissions in this way. Through the 
approach o f  increasing the contract price to such a point that it provides 
sufficient risk compensation for individual farmers to adopt such crops, the 
cost-effectiveness o f this measure as a way o f reducing carbon emissions, 
decreases.
The results from the modelling show that without the barriers to adoption, farmers 
would adopt energy crops at a lower gross margin than they would require at present 
given the perception o f risk that exists. This leads to inefficient outcomes at the 
societal level. Farmers miss out on an opportunity to diversify and establish new 
markets, energy suppliers (and ultimately consumers) pay higher prices than they 
otherwise would, and an opportunity to abate carbon at a lower cost is foregone.
There are a number o f potential advantages for society as a whole that arise when 
risks in agriculture are shared, through routes such as insurance, marketing contracts, 
or external equity financing (Meuwissen et al., 2000). One key benefit is that the 
possibility o f sharing risks permits individuals to engage in risky activities, which 
they would otherwise not undertake. In so doing, the expected return to society is 
increased over what would prevail if  individual agents were constrained to accept
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only those risks they could afford themselves to bear (Arrow, 1992; Hardaker et al., 
1997; Rejda, 1998). In addition, if  farmers can trade away part o f  their risks so that 
they can move closer to the point o f expected profit maximisation -  but not fully 
because there are costs involved -  the result will be a more socially desirable 
allocation o f  resources (Myers, 1988). Moreover, i f  farmers need to put less effort 
into on-farm methods o f avoiding risks, they might well be able to use their resources 
more efficiently, which in turn implies greater overall efficiency in resource use 
(Hardaker et al., 1997; Rejda, 1998).
In the context o f perennial energy crops, a form o f insurance available to growers 
that would serve to reduce concerns about the security and stability o f incomes from 
contracts, would have the wider societal benefit o f  enabling cost-effective reductions 
in carbon emissions, alongside the potential energy security benefits. Until the 
market becomes more established, there is arguably a role for Government in acting 
as guarantor, or at least becoming more actively involved in the provision o f  a form 
o f insurance.
While no such scheme has, to the author’s knowledge, been proposed, it could 
potentially be in the form o f a bond that is placed in the hands o f a third party 
(perhaps a Government Agency) by the intended purchaser o f the energy crops. In 
the event o f  a default, the farmer would be guaranteed a certain minimum amount o f 
income. As there is such a mistrust o f  contracts at present, there would certainly 
appear to be a role for Government in improving the institutional structure within 
which agreements between grower and end-user are determined.
In tackling the known barriers to adoption in this way, the actual supply curve would 
move closer to the modelled supply curve. As outlined by Sherrington & Moran 
(2008), perception o f financial return from perennial energy crops is not simply a 
question o f anticipated gross margin. O f greater concern to farmers is the security 
and stability o f  income from contracts, disruption to cashflow, and reduced farm 
business flexibility. While the issue o f  reduced farm business flexibility is difficult to 
address, concerns over security and stability o f  income from contracts could be 
tackled through Government intervention to establish an insurance scheme. In 
addition, the design o f  the contracts themselves can help to reduce the disruption to
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cashflow. The contracts recently offered by Bical demonstrate this in offering 
deferred payment o f 43% o f the first two year's costs (Farmers Weekly, 2008).
Directly tackling these known barriers to adoption in this way would lead to uptake 
o f perennial energy crops by farmers at lower gross margins, would help the market 
to become established, and enable the achievement o f carbon reductions at a lower 
cost than would otherwise have been the case.
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23.0 Conclusion
Farm-level modelling suggests that miscanthus, at current prices, should be more 
widely adopted than is the case. This lends support to the existence o f  previously 
identified barriers to adoption (Sherrington et al., 2008; Sherrington & Moran, 2008). 
SRC willow, on the other hand, remains less financially competitive at present, 
although the potential for higher prices for heat use is apparent.
Establishment grants are o f key importance in encouraging farmers to adopt these 
crops, as farmers have concerns with the security and stability o f  income from the 
available contracts. However, the establishment grants for both miscanthus and SRC 
w illow have been reduced, with greater emphasis now being placed on higher prices 
available to farmers through contracts. This has meant a drop in the proportion o f 
income that is received upfront and seen by farmers to be secure, and a greater 
emphasis on deferred income, perceived as less secure. While increasing prices 
should eventually compensate for the perceived risks facing the individual farmer, 
this would appear to be an unnecessarily expensive approach when a large number o f 
these risks have already been identified.
An alternative approach, outlined in this paper is for Government directly to address 
farmer concerns about security and stability o f  income from contracts through the 
establishment o f  an insurance scheme, and for the contracts themselves to be 
amended to allow for a smoothing o f farmer cashflow. This would have the effect o f 
bringing the actual supply response closer to the modelled supply response, and 
increasing the uptake among UK farmers at lower gross margins. This would allow 
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Chapter 5: An economic assessment of windfarm 
power generation in Scotland including 
externalities
The research presented in this chapter has been published as Moran, D. & 
Sherrington, C., 2007. An economic assessment o f windfarm power generation in 
Scotland including externalities, Energy Policy 35, 2811-2825. While C. Sherrington 
was in fact the lead author, due to a misunderstanding during submission, the details 
were incorrectly recorded.
Abstract
This paper uses cost-benefit analysis to assess the economic feasibility o f a large 
scale windfarm project, taking into account positive and negative externalities o f 
generation. The issue o f non-use value (i.e. a welfare change among those who will 
never visit the area and see the windfarm) is addressed with reference to the study by 
Bergmann et al (2006), which determined a social cost o f £19.40 per household for 
the non-use disamenity associated with a large scale windfarm in Scotland. This 
paper demonstrates the extent to which this estimate affects the economic feasibility 
o f the project. We find that for all but one o f the sixteen scenarios considered, the 
project returns a positive net present value despite the inclusion o f this non-use 
value, thus suggesting that in these cases the windfarm delivers a net welfare gain to 
society.
26.0 Introduction
The projected increase in renewable generation capacity in Scotland raises a number 
o f questions about the economic feasibility o f renewable energy supplies. In 
addressing a global external cost, that o f climate change, the development o f 
renewables can give rise to other social costs that are predominantly domestic.
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Considering the full economic costs, some technologies (e.g. onshore wind power) 
may be less favoured since they give rise to visual disamenity that some communities 
feel disproportionately affected by (Simpson 2004). In Scotland, there is an ongoing 
public debate on the issue o f the visual impact o f wind farms on the landscape. 
However, apart from Kennedy (2005), addressing offshore installations on the US 
eastern sea board, there has so far been no assessment o f how such social costs may 
affect the economic feasibility o f specific wind energy projects
Accordingly, this paper presents the results o f an economic cost-benefit analysis o f a 
large scale onshore wind energy project in southern Scotland. The aim is to 
consider the widest social perspective on the project taking both positive and 
negative externalities into account. The paper is structured as follows. First, we 
provide some background to the energy strategy in Scotland: a country well 
positioned to make greater use o f  renewable energy sources and currently undergoing 
change in its electricity generation mix. This section will also consider current 
hurdles to the development o f renewable energy projects. Next, the project case 
study is introduced as a basis for quantifying the range o f  relevant costs and benefits 
and assumptions for an economic appraisal. The paper then presents the results o f  a 
formal appraisal and sensitivity analysis. The final sections offer discussion and 
conclusions on research gaps hindering the further development o f  wind capacity in 
Scotland and the UK.
26.1 The changing patterns of electricity generation in Scotland
While overall UK energy policy is still reserved to Westminster, following 
devolution in 1999, substantial areas relating to energy policy are now devolved to 
the Scottish Executive. These include the promotion o f renewable energy and energy 
efficiency, consents for new electricity generating plant and transmission lines, and 
land-use planning (Scottish Executive, 2006a). Under Section 36 o f the Electricity 
Act 1989 applications to build onshore windfarms with an installed capacity in 
excess o f  50 M W  are made to Scottish Ministers. Below this size, applications are
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made to the local planning authority, and considered under the Town & Country 
Planning (Scotland) Act 1997.
This new responsibility comes at a time when the electricity supply industry in 
Scotland is set, over the next 10-20 years, to undergo a period o f rapid 
transformation. This change is being driven by a range o f internal and external 
factors, (See Macleod et al 2006). An outcome o f this transition is a move towards 
an energy mix that gives greater weight to renewables. The Scottish Executive has 
set two targets for use o f renewable power sources. By 2010, 18% of electricity 
consumed should come from renewable generation, rising to 40% by 2020 (Scottish 
Executive, 2003). In 2005, the Scottish Ministers re-confirmed the 2020 target, 
quantifying it as 6 Gigawatts (GW) o f installed renewables capacity, confirming that 
this figure shouldn’t be regarded as a cap on development (Scottish Executive,
2005).
A study by Scottish Renewables indicates that by April 2006, 2GW of installed 
renewable capacity was operating in Scotland. Across 12 months, this capacity 
should generate around 18% of the anticipated Scottish demand for electricity, thus 
meeting the 2010 target 3 years ahead o f schedule. The study anticipates that by 2010 
over 30% o f Scotland’s electricity could come from renewables, and over half by 
2020 (Scottish Renewables, 2006). Onshore wind is expected to play a significant 
role, with a predicted 2.7GW installed capacity generating 20% o f Scotland’s 
demand for electricity in 2010, and 4.2GW installed capacity generating 29% in 
2020 .
Environmental and economic benefits and costs will accrue to Scotland as a result o f 
these increases in the capacity o f onshore wind.
26,2 Possible problems with wind energy
Several arguments are used to oppose windfarms. A commonly cited concern relates 
to the potential ‘intermittency’ or more accurately the variability o f electricity 
supply from wind power (ECI, 2005), and the requirement for back up generation
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capacity. All generators including fossil fuel and nuclear plant need back up, and it is 
not the case that dedicated plant would have to be constructed to be held in reserve 
for each specific windfarm that is constructed. However, increasing the proportion o f 
intermittent generation capacity, such as wind, does increase the need for and costs 
o f back up generation, both through system balancing requirements and reliability 
impacts, i.e. the likelihood that overall capacity will be sufficient to meet peaks in 
demand (UKERC, 2006).
In Scotland, when production from dispatchable balancing plant is required to make 
up for an anticipated shortfall in supply, there are a number o f  options available. 
These include approximately 1.3GW o f hydro-electric plant, 700MW o f pumped 
storage, and 500MW from fast-starting generators and interconnections to England 
and Northern Ireland (Scottish Executive, 2006b).
A further concern is the potential for intrusive noise both during construction and 
operation o f  the wind farm, although recent advances in turbine design have reduced 
both mechanical and aerodynamic noise. However, the key motivation for anti- 
windfarm campaigners is opposition to the visual despoliation o f valued landscapes 
(Pasqualetti et al.,2002 ; Burall, 2004). The landscape impacts are exacerbated by the 
fact that the locations with the highest wind resource are often precisely those 
exposed upland areas which are valued for their scenic qualities and which are often 
ecologically sensitive. Opponents not only highlight the scenic impact o f  the 
turbines themselves, but also emphasise the visual impacts o f  the associated 
construction and upgrades to the electricity transmission system (Warren et al.,
2005).
This disquiet about the installation o f  wind capacity is often expressed in a somewhat 
unspecific way, combining elements o f  both use value (residents and visitors who 
will see - and possibly hear - the windfarm) and non-use value (those who may never 
visit the area and see the windfarm). In other words, some altered landscapes may 
affect people’s welfare because their use experience is tarnished. For others, the 
option to visit a landscape free o f  turbines, or simply the knowledge that a ‘pristine’ 
landscape exists is a primary reason for valuing the status quo.
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While it is technically possible to quantify these views, there is limited empirical 
evidence. A study o f  public perceptions o f wind power in Scotland and Ireland 
suggested an ‘inverse NIMBY’ syndrome, where those with windfarms in their 
‘backyard’ strongly support the technology (Warren et ah, 2005). But a study on 
non-use value impacts suggests that a large (160MW) onshore wind farm with a 
considerable landscape impact, results in a welfare loss o f £19.40 per household per 
year (Bergmann et ah, 2006). The details and application o f this value are discussed 
later in this study.
26.3 The project
The case study is a proposed wind farm is located in the Upper Clyde Valley in 
South Lanarkshire, Scotland. The scheme, led by developers Airtricity, proposes the 
installation o f 173 wind turbines each with a generating capacity o f 3.6MW, a hub 
height o f 80m and a blade diameter o f 90m (total height 125m). It is proposed that 
one o f  the turbines will have a viewing platform. Taking 3 years to construct, the 
project is designed with an operational life o f 25 years.
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Figure 9: Location of the proposed Clyde windfarm (© Ordnance Survey)
W ith a total installed capacity o f  just over 620MW, the developers suggest that the 
site will generate enough electricity to power up to 440,000 households, and will 
contribute 0.5 per cent towards the Government’s target o f 10 per cent o f  the UK’s 
energy coming from renewable sources by 2010.
The site is divided by the M74 motorway running between Abington, Elvanfoot and 
Crawford. It occupies approximately 4750 hectares (ha) o f farmland, consisting 
mainly o f permanent grassland currently used for sheep grazing, and areas o f 
commercial forestry and heathland.
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27.0 Social cost-benefit analysis (CBA)
While it is possible to adopt a private perspective on this project, the presence of 
wider external costs and the level o f public disquiet suggest a more stringent test o f 
economic viability. Social cost-benefit analysis offers a consistent analytical 
framework for decision-making and is typically designed to help decision-makers 
allocate scarce resources by determining which option among a competing set should 
be selected in order to maximize social welfare. This welfare objective encompasses 
measurable monetary benefits as well as more intangible non-market benefits or 
public good externalities. Social CBA is typically the perspective adopted by 
government, and standard guidance is provided by the UK Treasury 1'.
The CBA requires the identification o f a baseline or status quo scenario, against 
which the costs and benefits o f alternative project interventions are evaluated. The 
central counterfactual for our analysis below is a gas fired plant o f equivalent 
generating capacity, although the counterfactual o f a coal fired plant is also 
considered.
For the Clyde Valley proposal, the relevant cost and benefit categories to be 
considered are identified in Table 27
11 http://www.hm-treasury.gov.uk/econoraic_data_and_tools/greenbook/data_greenbook_index.cfin
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Costs and benefits of wind energy 
Costs Benefits
Market Market
Capital investment Output revenues
Operation & Maintenance Avoided fuel costs (gas)
Extra balancing costs to the grid Avoided GDP losses
Rental cost of land
Non-market Non-market
Carbon dioxide emissions through Avoided emission costs associated with
manufacture and construction displaced generation
Carbon dioxide emissions through 
deforestation
Visual and noise disamenity for residents 
and visitors (use value)
Non-use disamenity value
Table 27: The categories of costs and benefits to be used in the assessment of the 
Clyde Windfarm
The installed capacity o f  the Clyde wind farm is taken to be 622.8MW (based on 173 
turbines each rated at 3.6MW) as outlined in the Environmental Statement (Land Use 
Consultants, 2004). Airtricity expects that the Clyde wind farm will have a capacity 
factor o f  38%, that is, the site will operate at the equivalent o f  full power 38% o f the 
time. The counterfactual gas fired power station, assuming an availability factor o f 
67% (DTI, 2005), has a capacity o f  353MW. The counterfactual coal fired power 
station, assuming an availability factor o f 57.9% (DTI, 2005), has a capacity o f 
409MW.
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Relevant costs and benefits are considered over a time horizon o f 25 years. The 
Treasury social discount rate is currently 3.5%. However, the analysis makes a 
case for alternative discounting assumptions.
27.1 Market costs
27.1.1 Capital investment
The capital cost o f the Clyde windfarm is £405 million over a three year period. This 
is based on a cost o f £0.65 million per installed MW for onshore wind (Dale et al.,
2004). The value used in the CBA is the difference between this and the cost o f 
constructing an equivalent 353 MW gas fired power station o f £159 million, taking 
the cost per installed MW for gas to be £0.45 million (Dale et al., 2004) The 
difference in cost between the two is £246 million, which will be the construction 
cost figure, where gas is the counterfactual, in the analysis to follow.
The 409 MW coal fired power station has a construction cost o f £335 million, based 
on a cost o f  £0.82 million per MW (Royal Academy o f Engineering, 2004). 
Subtracting from the capital cost o f the Clyde windfarm gives a construction cost o f 
£70 million, which will be the figure used, where coal is the counterfactual, in the 
analysis to follow.
Construction takes three years, and a third o f the total cost o f construction is 
attributed to each year. One third o f the wind farm will be operational for the second 
year, and two thirds for the third year.
27.1.2 Operation & Maintenance (O&M)
Annual O&M costs are £9.3 million. This is based on an O&M cost for onshore wind 
o f £15/ (kW y) (Dale et al., 2004). The value used in the CBA is the difference 
between this and the annual O&M cost o f the equivalent 353 MW gas fired power 
station, taken to be £7 million, based on a figure o f £20/ (kW y) (Dale et al., 2004)
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Subtracting the gas fired equivalent O&M costs from the Clyde windfarm O&M 
costs gives a net annual O&M figure o f £2.3 million, to be used where gas is the 
counterfactual, in the analysis to follow.
For the equivalent 409 M W  coal fired power station, the annual O&M cost is £9.8 
million, based on a cost o f  £24/ (kW y) (Royal Academy o f Engineering, 2004). 
Subtracting the coal fired equivalent O&M cost from the Clyde windfarm O&M cost 
gives a net annual O&M figure o f  -£0.4 million, to be used where coal is the 
counterfactual in the analysis to follow.
For the second year o f  construction, one third o f the windfarm is taken to be 
operational, with two-thirds operational for the third year. The net O&M costs for 
these years are calculated as above, but adjusted to reflect the installed and 
operational capacity in the second and third years o f construction. Therefore the 
O&M costs, for gas as the counterfactual, are taken to be £0.75 million (a third o f  the 
net annual O&M cost o f £2.3 million) in the second year o f construction, and £1.5 
million (two thirds o f £2.3 million) in the third year o f construction. O&M costs 
where coal is the counterfactual are calculated in the same way for these years.
The analysis is simplified by the assumption that the counterfactual generating plant 
is brought online in stages comparable to that o f  the windfarm. This is due to the 
assumption that equivalent revenue from generation (excluding ROCs) is received by 
the windfarm and the counterfactuals (see 27.2.1) throughout each year o f  their 
operational life. In reality, a CCGT plant may be fully operational after two years 
construction, meaning that at the end o f the windfarm’s three year construction 
period, an equal amount o f  electricity will, in fact, have been generated from both the 
windfarm and the counterfactual. This would mean that revenue will have been
17
12 The O&M figures from Dale et al. (2004) have been used in preference to those cited in the UK 
Energy Review (DTI, 2006) (p i94, Table B l)  which give £44.4/ (kW y) for wind. The Dale et al. 
(2004) figures are consistent with others, such as Milborrow (2005).
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earned from the windfarm one year earlier, but O&M costs will also have been paid 
earlier. A comparison has demonstrated that altering this simplifying assumption 
would only make a difference o f between 0.03% and 0.12% to the NPV (prior to the 
application o f the non-use value), and therefore the assumption remains.
27.1.3 Extra balancing costs to the grid
As the amount o f wind generation on the electricity network increases, and the 
uncertainties in wind output start to become evident above the normal level of 
uncertainty in balancing supply and demand, some extra balancing costs will be 
incurred (Dale et al., 2004).
The estimates to be used in this study are those resulting from the SCAR study (Ilex 
Energy Consulting and Strbac, G., 2002). These show that the extra balancing costs 
for wind are O.lp/kW h at 5.3% penetration, 0.14p/kWh at 7.6%, 0.16p/kWh at 10%, 
and 0.17p/kWh at 14.2%. A comparison with other estimates featured in The Carbon 
Trust/DTI’s Intermittency Literature Survey & Roadmap (Mott MacDonald, 2003) 
shows that these values represent the median estimate o f balancing costs.
Taking the baseline scenario assumptions as applied in the DTTs Renewables Market 
Modelling (Oxera, 2004), we obtained the predicted level o f wind penetration for 
each year o f  the Clyde wind farm 's operation. We then applied a figure for the 
balancing cost for each year based on this forecast. These costs increase from £1.6m 
for the first full year o f operation, to £3.5m for the 25th year.
27.1.4 Rental cost o f land





From information given by Airtricity, it has been assumed that the output revenues 
are 5.5p/kWh, excluding the income from Renewables Obligation Certificates 
(ROCs). However, as the counterfactual investment scenario would also receive 
similar output revenue, this benefit stream arising from the windfarm will not be 
included in the analysis. I f  the project were to be assessed against a ‘do nothing’ 
baseline, this would be included as a benefit.
The income from ROCs should not be counted in an economic analysis. ROCs arise 
from a support mechanism, the Renewables Obligation, designed in part to address 
the externality o f greenhouse gas emissions from conventional fossil fuel generation, 
but this does not mean that their price accurately reflects the cost o f  this externality.
The cost o f abating a tonne o f carbon through the Renewables Obligation is 
calculated to be in the range o f  £212 to £447 (Ofgem, 2004). This is significantly 
higher than the Treasury’s social cost o f carbon, which will be used in the analysis 
below. The figure used by the Treasury is £70 per tonne o f carbon (in 2000 prices) as 
an ‘illustrative point estimate’ o f relevant damages, with an upper value o f  £140 and 
a lower value o f £35 (H.M.Treasury, 2002).
27.2.2 Fuel costs avoided
This is taken to be the cost o f  gas used for generating electricity in the counterfactual 
investment scenario, including the gas transportation costs for delivery to the power 
station. Taking a figure o f  35p/therm as the forecast price to be paid by the electricity 
generators for gas (ILEX, 2006), this translates to a fuel cost (assuming 50% thermal 
efficiency) o f  2.06p/kWh.
Recent wholesale gas prices have, however, been around 80 pence per therm, 
equating to a cost o f 4.7p/kWh. For sensitivity, analysis will be undertaken using the
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gas price range applied in the UK Government’s Energy Review, namely from 
21p/therm to 53p/therm (DTI, 2006).
1 he calculation o f  avoided fuel costs takes account o f anticipated seasonal variations 
in the load factor o f the Clyde wind farm, based on average data from existing wind 
farms in Ireland with an equivalent load factor (38%), supplied by Airtricity. Greater 
load factors are achieved during the windier winter months, coinciding with periods 
when gas prices are typically higher than average. Monthly gas price projections 
(Ilex, 2005) shows a circa 5 pence range in price over the year when the mean price 
is 35p/therm. Converting this to an approximate percentage change from the mean 
per month enabled the calculation o f monthly prices. Multiplying these monthly 
prices by the monthly load factor increases the annual avoided cost o f gas by 2.6% 
compared with using one price and the average annual load factor. The resulting 
avoided fuel costs for each year o f full operation o f the windfarm are £43.8 million.
Fuel is a high risk cost stream, not simply because o f the fluctuation in fuel prices 
over time, but because the cost o f fuel co-varies negatively with returns on other 
assets; i.e. when fuel prices increase, returns to other assets decline (Awerbuch, 
1995). This risk differential motivates arguments for an alternative discounting 
approach to these streams. In this case a rate is therefore applied to the avoided fuel 
cost stream using the Capital Asset Pricing Model (CAPM) approach (Awerbuch 
2003a). This takes into account the extent to which the fuel cost stream co-varies 
systematically with the returns that would be obtained on a broadly diversified 
portfolio o f assets.
The mathematical measure o f systematic risk, p (beta), is the expected percentage 
variation in the cost stream when returns to a broadly diversified portfolio change by 
1%. A beta o f -0.02 for gas is used by Awerbuch (2006) to estimate a market (pre­
tax) discount rate o f 4.3% for gas. By netting out personal and corporate taxes, 
Awerbuch derives a Social Rate o f Time Preference (SRTP) value o f 1.7% nominal. 
Assuming a 3% rate o f inflation, this gives a real discount rate o f -1 .1%  to be 
applied to this cost stream.
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For the coal fired counterfactual. the cost o f coal is taken to be £30/tonne, which 
gives a fuel cost o f  1.16p/kWh (Royal Academy o f Engineering, 2004). Using the 
CAPM approach, a real discount rate o f -1.3% is applied to this cost stream.
27.2.3 Avoided GDP losses
There is empirical evidence from a growing body o f academic literature that oil price 
increases and volatility dampen macroeconomic growth by raising inflation and 
unemployment and by depressing the value o f  financial and other assets. These 
losses are in the order o f  0.5% o f GDP for a 10% oil price increase (Awerbuch, 
2005a). By displacing gas and oil, increased use o f  renewable energy can help 
nations avoid these macroeconomic losses. This avoided GDP loss is attributable to 
renewable energy investments.
It is estimated that this benefit is worth $200/kW (£114/kW) for wind energy 
installations, based on a capacity factor o f 23% (Awerbuch, 2005a). For the purposes 
o f this report, this figure has been increased to represent the 38% capacity factor o f 
the Clyde project, giving £188/kW, and multiplied by the installed capacity (622.8 
MW) to give a figure o f £117.2 million. This is a one-off benefit, attributed to 2009, 
the first full year o f  the wind farm ’s operation.
27.3 Non-market benefits
27.3.1 Carbon emissions avoided
Electricity generated by wind power avoids emissions o f carbon dioxide through the 
displacement o f conventional fossil-fuelled generation. To quantify this benefit, it is 
necessary to estimate avoided emissions. This depends on the amount o f  electricity 
produced and electricity generating technology displaced. A monetary value can then 
be placed on these avoided costs using a shadow value o f  carbon.
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27.3.1.1 Amount o f  electricity produced by the Clyde windfarm
Airtricity expect that the Clyde wind farm will have a capacity factor o f 38%, that is, 
the site will operate at the equivalent o f full power 38% o f the time. The amount o f 
electricity produced by the wind farm can be estimated by:
Installed capacity (MW) x  Capacity factor (%) x  Number o f  hours in a year
Therefore electricity produced  = 622.8M W  x  0.38 x 8760 = 2073 GWh
27.3.1.2 Generating sources displaced
In Scotland the immediate effect o f a windfarm may be to displace the generation o f 
electricity from hydropower. Scotland has approximately 1.3GW o f hydro-electric 
plant and 700MW o f pumped storage (Scottish Executive, 2006b), and in an average 
year, hydro generates 12% o f Scotland’s electricity needs (Scottish Renewables,
2006). However, the displaced hydro may then displace coal or gas generation at a 
later date. It is therefore assumed that wind displaces fossil fuel, either immediately 
or via hydro. The three options to be considered for the generation sources displaced 
by the Clyde windfarm in this analysis are now discussed.
• Option 1 -  Wind displaces coal fired generation
It is argued by the British Wind Energy Association (BWEA), that in both the short 
and long term, wind saves on emissions from modern coal-fired plant (BWEA,
2005). This is demonstrated in data published by The National Grid Company which 
describes the make-up o f plant on the system at various times (National Grid 
Transco, 2004). The nuclear and Combined Cycle Gas Turbine (CCGT) plant 
operates continuously throughout the day and the output o f the coal plant is varied to 
meet demand. It is noted that the output from coal plant will not change in response 
to every fluctuation in wind output. It will be adjusted in response to the aggregated 
change in demand, o f which wind contributes only a small proportion.
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In the longer term, as the older coal plants become uneconomic, or surplus to 
requirements due to the construction o f new gas or renewables, they are shut down.
Average emissions from coal-fired plant are taken to be 0.86kg CO 2/ k Wh, thus this 
is the CO2 saving associated with the generation o f  electricity from wind if  it 
displaces coal.
•  Option 2 -  Wind displaces the typical grid mix
The carbon intensity o f the grid, based on the average grid mix is 0.43kg C02/kW h 
(Carbon Trust, 2006). This emissions figure is taken from Deffa’s ‘Environmental 
Reporting Guidelines for Company Reporting on Greenhouse Gas Emissions’, and is 
used for the purposes o f environmental reporting, the UK Emissions Trading 
Scheme, and the Climate Change Levy agreements.
This figure for electricity was calculated in 1999 based on the projected fuel mix for 
the grid 1998-2000. Actual figures may differ from the projections, but it is intended 
to be used by Defra as a constant value for environmental reporting until the year 
2010 (Defra, 2006).
It is argued that this figure does not reflect reality, suggesting as it does that wind 
will displace coal, gas and nuclear in equal measure. Nuclear, for example, being 
baseload plant, and is completely unaffected in its daily operations by the addition o f 
new generating plant (BWEA, 2005).
• Option 3 — Wind displaces Gas
In its Regulatory Impact Assessment for the Renewables Obligation, the DTI 
assumed that the main impact o f extra renewables is to reduce investment in new gas 
combined cycle stations and that each TW h would produce 2.5mtC. This is 
equivalent to a figure o f  0.38kg/CO2/kWh (DTI,2002).
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This contradicts an earlier DTI study, which states that renewables displacing 
combined cycle gas turbines ‘is unlikely in practice at present, because this high 
efficiency (where efficiency refers to the amount o f electricity generated per unit o f 
CO2 emitted), fossil fuel technology is being increasingly deployed in the UK’ (DTI,
1999).
The assumption that wind displaces gas is supported by the Royal Academy o f 
Engineering, (2004) with open-cycle gas turbines (OCGT) identified as the most 
appropriate technology if talking about new build rather than just using existing 
plant. It is also the assumption made by Dale et al (2004).
The carbon dioxide emissions avoided under the three options are as follows:
Option 1 -  Displacing Coal 1.8 million tonnes CO2
Option 2 -  Displacing Typical Grid Mix 0.9 million tonnes CO2
Option 3 -  Displacing Gas 0.8 million tonnes CO2
O f these, wind displacing gas will be the central assumption o f the study, with wind
displacing coal used for sensitivity analysis. Wind displacing the typical grid mix is 
not considered further.
27.3.2 Placing a value on the avoided emissions
The technique used in this study to estimate the value o f the avoided emissions is that 
used by the UK Treasury to assess the societal cost o f emissions o f carbon dioxide.
H.M. Treasury (2002) reviewed all available studies on the cost o f the physical 
impacts o f  climate change. The most sophisticated o f the published studies reviewed 
produced a marginal damage estimate o f £70/tC (2000 prices) for carbon emissions 
in 2000. This increases by approximately £1 per tonne in each subsequent year to 
account for increasing damage costs over time.
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This figure is subject to significant uncertainty and excludes consideration o f the 
probability o f ‘climate catastrophes’ and socially contingent impacts o f climate 
change that could, potentially increase the size o f  damages considerably. 13
As such, the Treasury settle on a figure o f £70 per tomie o f  carbon (in 2000 prices) as 
an ‘illustrative point estimate’ o f relevant damages, using an upper value o f  £140 and 
a lower value o f  £35. This increases by approximately £1 per tonne in each 
subsequent year to account for increasing damage costs over time (H.M.Treasury, 
2002).
These three values will be used to represent Low, Medium and High values o f 
carbon. One tonne o f  carbon is equal to 3.67 tonnes o f C 0 2, giving the following 
figures.
Low £35/tonne carbon or £9.50 /tonne C 0 2
M edium £70/tonne carbon or £19 .10/tonne C 0 2
High £140/tonne carbon or £38.15/tonne CO?
A GDP deflator (H.M. Treasury, 2006) has been used to convert the values into 2006 
prices. Thus the 2006 value o f a tonne o f  carbon is £87, which equates to a value o f 
£24/€35 per tonne o f carbon dioxide.
13 Government guidance has since been updated, with the approach based on the social cost o f carbon 
now superseded by use o f  the shadow price o f carbon (DECC, 2009). As electricity generated for the 
grid falls within the EU Emissions Trading Scheme, the lower ‘traded’ price o f carbon would be used 
in this evaluation to value the avoided emissions from either coal or gas fired plant. This would have 
the effect o f  lowering the monetised benefits associated with carbon savings attributable to the 
windfarm. However, for consistency with the published paper, the original values relating to the social 
cost o f  carbon are used in this chapter.
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The annual value ot avoided emissions, using the central value o f carbon increases 
from £19.5million in the first year o f full operation, to £25.4 million in the 25th year 
o f operation.
27.4 Non-market costs
27.4.1 Carbon dioxide released during manufacture and construction
This figure is based upon a Life Cycle Analysis study showing that onshore 
windfarms pay back the carbon dioxide released during their manufacture and 
construction within 0.29 years o f operation (Schleisner, 1999).
The value used is 0.29 o f a year’s worth o f avoided carbon dioxide, based on the 
same conversion factor used for the main avoided emissions calculation. This is then 
multiplied by the same value o f carbon that has been used to value the avoided 
emissions using the social cost o f carbon methodology. It is then divided equally 
over the three years o f construction. Using the central value o f carbon, this cost is 
£1.8million for each year o f construction.
It is important to note that no similar calculation has been undertaken for the 
counterfactual investment option o f a gas-fired power station. This follows the 
ExternE (European Commission, 1999) methodology whereby the fossil fuel cycle 
only takes into account emissions from operation, as these dw arf the emissions from 
construction. For a wind farm, conversely, the only significant emissions are from 
manufacture and construction.
27.4.2 Carbon dioxide released through deforestation
1070ha o f commercial plantation will be removed as part o f the site preparation for 
the windfarm. In the absence o f the proposed windfarm, this same area would be 
deforested, but the felling would take place over the period to 2098 rather than to 
2008.
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However, there would be no resulting net increase in CO2 emissions. The use o f 
these trees meets demand that would otherwise be met by the felling o f  alternative 
trees. Or if  the trees were used for co-firing, they might well displace coal, thus 
reducing net CO 2 emissions.
27.4.3 Visual and noise disamenity for residents and visitors
The principal external costs o f windfarms are visual impact and noise. Both fonns o f 
impact can be assessed using market and non-market benefits assessment 
information. However the application o f these methods to specific wind installations 
is minimal and this complicates our analysis.
In this section we establish a method to value the impacts to residents and visitors 
based on transferring and calibrating existing landscape willingness to pay 
(W TP)/value information. Our analysis will focus on visual impact that reduces these 
landscape values. The Environmental Statement has determined that in contrast to 
the visual impact, the noise impact o f the operational w indfanu is not likely to be 
significant.
Damages to residents can be measured in two ways. A revealed preference approach 
can be used to consider the impact o f wind turbines on house price values for 
properties in the vicinity. This “hedonic” pricing approach has been used to consider 
the impacts o f pylons and cables in the UK (Atkinson et al„ 2005). The main 
difference with pylons and cables is the presence o f  a potential health impact, which 
can be valued highly because o f  a so-called “dread” factor. This confounding effect 
means that using revealed data from pylon studies may produce unreliable results 
when transferred to wind installations.
For the purposes o f this analysis and in the absence o f  site-specific evidence, we 
need to make assumptions about how any benefit information can be derived by 
benefits transfer.
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27.4.3.1 Landscape amenity valuation
The method proposed to value visual impact on landscape from wind turbines 
considers damaged use values among residents and visitors.
The use damage estimate considers the nature o f intrusion (pre and post 
construction), exposure to intrusion (number o f residents and visitors per year), and 
unit landscape values (WTP values for the actual intrusion category or alternatively 
WTP for landscape types).
A range o f landscape values can be found in studies by Garrod and Willis (1997); 
Garrod and Willis (1995); Hanley et al (1998); Price (1993) and Hamilton and 
Schwann (1995).
Typically the available studies relate to valuation o f amenity o f areas under agri- 
environmental schemes. Such areas will have higher amenity value than the Clyde 
location and we recognise that statutory duties preclude resource development in 
these areas. In the case o f the Clyde site, recreational shooting under the control o f 
landowners takes place, but use o f the site for informal recreation such as 
walking/cycling is considered to be limited (Land Use Consultants, 2004). The 
Southern Upland Way does, however, pass near the southern boundary o f the site, 
with an estimated 5212 visitors to the two sections o f the route closest to the site 
(Land Use Consultants, 2004). In any case, choosing these WTP values will likely 
overstate the damage estimate here.
Cost calculations are detailed in the following steps:
Step 1: Establish and measure landscape impact
These stages describe how we determine the monetary equivalent o f a landscape 
impact caused by turbines. The method applies a benefits transfer approach. In other 
words we do not undertake any primary valuation studies to elicit willingness to pay, 
but attempt to adjust existing amenity value information.
We suggest site degradation is defined by an ordinal impact scale (see Table 28), 
which can be associated with WTP reduction factors. In other words, the willingness
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to pay or value o f a pristine landscape is reduced successively by higher levels o f 
intrusion. The estimates in the table are arbitrary but given time these intrusion 
classes and factors could be elicited as part o f an on-site survey conducted among a 
sample o f visitors and residents.
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Landscape Intrusion Scale WTP reduction factor
Unsightly 80% implies factor WTP*0.2
Undistinguished 50% implies factor WTP*0.5
Slight intrusion 40% implies factor WTP*0.6
Disting u ished/attractive 30% implies factor WTP*0.7
Superb/excellent 10% implies factor WTP*0.9
Spectacular/exceptional 0 implies factor WTP*1
Table 28: Landscape intrusion scale adapted from Price (1993)
Step 2: Establish willingness to pay
Mean landscape WTP is a value transferred from a valuation study covering resident 
and visitor valuation o f a similar landscape type. Table 29 provides a range of 
transfer values from various landscape studies. The landscape types referenced by 
these values correspond to different landscape types across the UK. The study by 
Bullock and Kay (1996) provides a value that can be transferred to provide an 
approximate value in the Clyde case.
Step 3: Specify exposure
Exposure to visual impact pre and post construction is defined as the number of 
residents and visitors likely to experience the landscape impact. While there may 
often be reduced visibility due to rain or mist, we do not reduce the values to take 
account o f this. We suggest that apart from detriment to outstanding beauty spots, 












Hanley et al. (1997) - Breadalbane 
ESA
UK 31.43 73.00 22.02 1995
Hanley et al. (1997) -  Machair ESA UK 13.66 13.37 1995
Garrod & Willis (1993) -  South 
Downs ESA
UK 27.52 19.47 1.98 1992
Garrod & Willis (1993) -  Somerset 
Levels ESA
UK 17.53 11.84 2.45 1992
Gourlay et al. (1996) -  Loch 
Lomond ESA
UK 20.60 1.98 per 
visit
Gourlay et al. (1996) -  Stewarty 
ESA
UK 13.00 2.53 per 
visit
Bullock & Kay (1996) -  Southern 
Uplands ESA
UK 69.00 83.00 1995
Garrod et al. (1995)-W T P  to 
maintain ESA scheme in England
UK 36.35 1994
Table 29: Environmentally Sensitive Area landscape values (WTP, E/hhld/yr)
We have used a Geographical Information System (GIS) to accurately establish the 
number o f  residents (and number o f households) within the Zone o f  Visual Influence 
(ZVI) as outlined in the Environmental Statement. The outer limit o f the ZVI is 
35km from the perimeter o f the site. Within this area there are just over 220,000 
residents (just under 98,000 households).
The Environmental Statement contains GIS output illustrating the areas within the 
ZVI from which certain numbers o f  turbine tips can be seen. The numbers are 
grouped into ranges, such as 1-30, 31-60 etc. However, there is no attendant 
information as to how many people are resident in these areas. We obtained the 
source data for this illustration, and using a GIS, overlaid it with unit postcode data 
which contains population and household numbers for each individual postcode. This 
information was then grouped by distance from the perimeter o f  the site, in 
concentric bands o f  5km width. The results are shown in Table 30 and Table 31.
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Table 30 shows the number o f households, while Table 31 shows the number o f 
residents.
It is clear from both tables that despite the fact that the windfarm contains 173 
turbines, it will not be possible for all turbines to be viewed simultaneously from any 
residence within 35kms o f the perimeter. There are nine households from which 116- 
145 turbine tips will be visible, and a further nine from which 90-115 tips will be 
visible, and these are located between 20 and 25 kilometres from the site boundary.
Exposure for residents will vary both with the number o f turbine tips visible, and the 
distance from the perimeter o f the site. We will apply a ‘distance decay’ function and 
also calibrate the impact depending on the number o f turbine tips visible.
Distance from site 
boundary (km)
Number of turbine tips visible
1-30 31-60 61-90 91-115 116-145 146-173
0 to 5 255 122 98 0 0 0
5 to 10 446 62 0 0 0 0
10 to 15 1653 43 0 0 0 0
15 to 20 3192 188 29 0 0 0
20 to 25 2790 323 9 9 9 0
25 to 30 5341 1066 11 0 0 0
30 to 35 13167 487 1652 0 0 0
Table 30: The number of households in areas from which different numbers of turbine 
tips are visible, grouped by distance from the site perimeter
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Number of turbine tips visible
1-30 31-60 61-90 91-115 116-145 146-173
Distance from site 
boundary (km)
0 to 5 638 307 246 0 0 0
5 to 10 1011 134 0 0 0 0
10 to 15 3610 99 0 0 0 0
15 to 20 7193 433 61 0 0 0
20 to 25 6904 784 22 22 22 0
25 to 30 12751 2549 22 0 0 0
30 to 35 29804 1263 3469 0 0 0
Table 31: The number of residents in areas from which different numbers of turbine 
tips are visible, grouped by distance from the site perimeter
For visitors we will use the figure supplied in the Environmental Statement for the 
numbers using relevant sections o f the Southern Upland Way. It is estimated that 
annually there are 5212 visitors to the two sections o f the Southern Upland Way 
closest to the site (Land Use Consultants, 2004).
Step 4: Establish change in landscape value
Damage = Site degradation (%>) x  Exposure to visual damage x  Mean landscape 
WTP
This should be calculated for each class o f  residents and Visitors who suffer 
exposure, and summed to give the total damage.
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27.4.3.2 Application
Assume the Clyde wind farm is constructed in a landscape similar to the 
Environmentally Sensitive Areas considered by Bullock and Kay (1997). The latter 
study provides a residents’ willingness to pay value for landscape preservation that 
we assume to be the value placed on a landscape without wind farms. This is 
damaged by turbines, and we need to determine the extent o f this damage. The same 
study does not provide a value for visitors, and so we transfer the benefit estimate 
shown for the South Downs ESA (Garrod and Willis 1993). Consider the value 
change applies to the 71,344 residents who can see at least 1 turbine tip from within 
the 35km ZYI and the estimated 5212 visitors per annum to the two sections o f the 
Southern Upland Way closest to the site (Land Use Consultants, 2004).
• Visitors
Assume around 2500 suffer "unsightly" intrusion, and 2712 are in the 
"undistinguished" impact category. From Table 28 implied impact scores are 80 per 
cent and 50 per cent o f WTP values respectively. From Table 29 non-resident WTP 
£ 19.47/year.
Visitor WTP reduction "unsightly" from Table 28 = (0.2 x £19.47) = £ 3.80 
Welfare reduction per visitor per year = £19.47 - £3.80 =£15.67
Visitor WTP reduction "undistinguished" = (0.5 x £19.47) = £9.70 
Welfare reduction per visitor per year = £19.47 - £9.70 = £9.77
Visitor weighted loss = (2500 x £15.67) + (2712 x £9.77) — £65671.2 per year
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Note that this assumes constant visitor numbers, but these may also change in the 
post construction era. They may well increase, as visitors may be attracted to the 
viewing platform. It is likely that such visitors, through self-selection, might have a 
positive view o f the wind farm. Moreover, as discussed below, we may also wish to 
assume a factor for a changing social perception o f wind energy in the environment. 
This may vary between residents and visitors. However, for the time being, we 
incorporate this estimate into our spreadsheet.
•  Residents
The number o f  residents in areas from which different numbers o f turbine tips are 
potentially visible was indicated in Table 31. These residents are grouped by distance 
from the site perimeter in 5km intervals.
Following the landscape intrusion scale outlined in Table 28, those who can view 61- 
90 turbine tips are deemed to suffer "unsightly" intrusion. This gives an implied 
impact score o f  80 per cent o f  WTP values, taken from Table 29 to be £69 per 
resident per year. This and other impact scores are shown in Table 32.





116-145 90% \ £62.10
146-173 N/A N/A
Table 32: Impact scores and related annual welfare loss per resident based on 
number of turbine tips visible, taking a residents WTP of £69 from Bullock and Kay 
(1997)
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The reduced visual intrusion through increased distance from the site perimeter is 
accounted for by adjusting the weighting for each five kilometre grouping. Those 
residents within 0-5km o f the site perimeter are attributed the full value based on the 
visibility impact scores. The weightings for this and each subsequent distance band 
are shown in Table 7. These weighting estimates are arbitrary but given time they 
could be elicited as part o f an on-site survey conducted among a sample o f residents.
Distance from site perimeter (km) Weighting
0 - 5 100%
5 - 1 0 75%
1 0 -1 5 50%
1 5 -2 0 25%
2 0 -2 5 15%
2 5 -3 0 10%
30 -3 5 5%
Table 33: Weightings given to residents’ WTP value based on distance from perimeter 
of site
As an example, the visual disamenity for the 134 residents who can see 31-60 turbine 
tips and live 5-10kms from the site is calculated as follows:
The 134 residents have a visual impact score o f  75%, which means an individual 
annual welfare loss o f  £51.75 (£69*0.75). Cumulatively this is £6934.50. This is then 
weighted by distance, so 75% o f  this value is taken, giving a weighted cumulative 
annual welfare loss o f  £5200.87.
This process is repeated for all the residents in each visibility and distance grouping, 
giving a total welfare loss o f £501,533.41 per year. Combining this with the welfare 
loss to visitors gives an overall welfare loss due to visual disamenity of £567,000 per 
year.
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27.4.3.3 Changing perceptions o f wind energy in the environment
Two elements need to be mentioned at this point. The first is that anecdotal evidence 
appears to suggest that residents become accustomed to windfarms, which engender 
a sense o f  civic pride in installations that are effectively agents o f environmental 
good. No studies have assessed this element in terms o f a monetary valuation, but in 
traditional economic terms, it would suggest that the value o f  any disamenity impact 
should fall through time rather than being an invariant cost in the CBA. Local part- 
ownership o f a windfarm may also improve perception among residents (Toke,
2005), along with local employment or donations for community facilities through 
planning gain from the development.
The second factor is that visual intrusion is essentially reversible. It is unclear 
whether the transferred WTP values we might use here are for changes that were 
portrayed as irreversible. This has to make a difference.
27.4.4 Non-use disamenity
The visual impact o f  a windfarm is essentially site specific and varies according to 
the existing landscape, and the level to which residents and visitors are “exposed” to 
the impact. A complicating factor is added by the non-use disamenity o f  landscape 
change. In other words, beyond local impacts, wider populations o f  the UK may have 
preferences over the impacts o f installations, irrespective o f  whether they actually 
experience them directly. They are simply damaged in a passive way by the 
knowledge o f installations influencing landscape form.
Interest in the concept and measurement o f non-use value is not new and there has 
been considerable theoretical and methodological debate in the area o f environmental 
economics concerned with nature and heritage conservation. This literature has 
developed the basis for using stated preference methods (contingent valuation and 
choice experiments) to determine the economic or monetary value o f  non-use 
impacts. This is a development that is now recognised as a legitimate process in 
public appraisal (e.g. the Treasury Green Book).
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The existence of non-use or passive value is intuitive for celebrated and iconic 
landscapes, but not necessarily so for all landscapes. It is however, difficult to argue 
that these values do not exist and the existence o f empirical estimates does give 
substance to a popular debate that is largely uninformed by data.
Unfortunately the stated preference literature does not provide general rules to help 
us determine the size o f non-use value nor how values might change in relation to 
different landscapes or the proximity o f the individual preference holder to the 
environmental attribute in question. To deal with this, our analysis can either attempt 
to transfer existing estimates from previous studies or determine these impacts on a 
case-by-case basis. Accounting for this impact is more complex than the use 
(residents and visitor) impacts, which can at least be calibrated by a fixed number o f 
“damaged” individuals, i.e. a range can be placed by measuring residents in 
proximity to installations and visitor numbers to the vicinity.
There are several existing valuation studies addressing the impact o f wind energy 
(Alvarez-Farizo and Hanley 2002; Ek 2002; Navrud 2004) These studies suggest that 
non-market impacts can be as high as £17 per household per year. A study that 
explicitly considers the nature o f visual landscape impact in Scotland has been 
conducted by Bergmann et al. (2006). But even this study does not actually show 
specific installations in a landscape context. Instead, the study uses stated preferences 
to consider the impacts o f  infrastructure (visual, wildlife and air pollution) in a 
somewhat abstract way and the values that emerge from the choice experiment are 
not site or project specific. In essence, the authors target the non-use category o f 
respondents mentioned above, and effectively the values they derive can be argued to 
apply to the whole population. These values are then assigned to what they consider 
to be typical infrastructure intrusions, which in their onshore wind case amount to a 
160 MW wind farm. There are many possible criticisms o f this study. The main 
criticism is that respondents to the survey never actually get to see a case o f wind 
farm intrusion on which to base their responses. Moreover the distinctions between 
low, moderate and high landscape impacts are unclear and some o f the econometric 
models suggest that impacts are actually statistically insignificant, thus rendering the 
results o f limited value.
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The upper limit o f  damages suggested in the Bergmann study is that the average 
Scottish household suffers an annual welfare loss o f  £19.40 from the major landscape 
impact. The study suggests that this impact is associated with a ‘large’ windfarm 
(160 MW  - 80 turbines). The 622MW  Clyde project, has more than double the 
number o f  turbines (173) and almost four times the installed capacity o f  this 
hypothetical example. If  this is truly an annual welfare loss in the presence o f the 
Clyde proposal, then the aggregate value (if  multiplied by the 2.1 million Scottish 
households) is £40.74 million per year. At this point, and in the absence o f  primary 
research, we suggest that this is the upper limit o f the non-use damage attributable to 
the Clyde installation, even though the true estimate is likely to be lower.
There are several reasons for this. The first is that the Bergmann estimate is not site 
specific and in fact may lead respondents (in their stated preference study) to infer 
damages associated with all wind installations, including assumptions about iconic 
landscapes, rather than at specific locations o f  lesser scenic value.
The second is the population over which this value might be applied. For the sake o f 
argument in determining our “worst case”, it could potentially be that all Scottish 
households are damaged and that the value o f  £19.40 should be ascribed to each 
household. But for landscapes o f  lesser scenic value, it could reasonably be expected 
that the value held will diminish with distance from the site. This suggests that fewer 
households will be damaged, thereby leading to a lower aggregate value o f damages.
Indeed the distance decay effect has been found in a number o f studies on non-use 
values (Sutherland and Walsh, 1985; Pate and Loomis, 1997; Bateman and Langford,
1997). Non-use value can be comprised o f option values, bequest values and 
existence values. The first two relate to potential future direct use by the individual 
or their offspring respectively, and are therefore still likely to show some (inverse) 
relationship with measures o f physical distance between the public and the resource 
(van der Horst, 2007). Existence value is derived from knowledge or awareness o f 
the existence o f  a specific place. I f  the existence value o f  a location is seen as 
dependent on people’s knowledge o f  this location (e.g. Price, 2000), then it is logical 
to expect that existence values can also be subject to some form o f distance decay 
(step-wise if  not gradual), as, for example, a large proportion o f  the m edia is
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dedicated to more local coverage (van der Horst, 2007).Further reasons for adjusting 
the extent o f the Bergmann estimate can be justified with reference to the nature o f 
the respondent sample used in the study (i.e. the balance between rural and urban 
respondents). Furthermore, the possibility that opposition to wind installations 
might diminish through time with increasing acceptability o f the technology would 
mitigate against using the Bergmann estimate as an invariant annual value.
However, we do not attempt to adjust the value, nor do we introduce alternative 
estimates for non-use value at this point. The non-use disamenity value o f £40.74 
million will therefore be attributed to each year o f the project’s construction and 
operation.
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28.0 Results and sensitivity analysis
All cost and benefit streams are discounted at the UK Treasury’s social discount rate 
o f 3.5%, except for the avoided fuel cost stream. In most scenarios this is discounted 
at a rate o f -1.1% for gas, and -1.3% for coal, a figure obtained by using the Capital 
Asset Pricing Model (CAPM) approach (Awerbuch, 2006). For comparison there are 
two scenarios, one each for coal and gas, where the fuel cost stream is discounted at 
the Treasury rate.
Summary Clyde Present Value Costs and Benefits over assumed 28-Year project Life (£millions]
Wind displaces gas W ind displaces coal
CAPM Treasury CAPM CAPM CAPM Treasury CAPM CAPM
fuel discount fuel fuel fuel discount fuel fuel
discount rate discount discount discount rate discount discount
Central Central High Low Central Central High Low
value of value of value of value of value of value of value of value of
carbon carbon carbon carbon carbon carbon carbon carbon
Costs
Construction 230 230 230 230 65 65 65 65
Operation & Maintenance 36 36 36 36 -7 -7 -7 -7
Extra balancing costs to network 48 48 48 48 48 48 48 48
Rent 30 30 30 30 30 30 30 30
C 0 2  released during manufacture and construction 5 5 11 3 12 12 24 6
Visual disamenity for residents & visitors 10 10 10 10 10 10 10 10
Non-use disamenity 0 0 0 0 0 0 0 0
TO TA L C O S TS 359 359 364 356 157 157 169 151
Benefits
Avoided fuel costs 1357 691 1357 1357 769 379 769 769
Avoided GDP losses 102 102 102 102 102 102 102 102
Avoided carbon emissions 345 345 689 172 780 780 1560 390
TO TA L BENEFITS 1 ,e04 1,138 2,148 1,631 1,651 1,261 2,431 1,261
Net Project Benefit NPV = B-C 1,445 780 1,784 1,275 1,494 1,104 2,262 1,110
Applying non-use disamenity value to project NPV
Bergmann's (2006) £19 .40  non-use disamenity value
applied to 2.1 million Scottish households 720 720 720 720 720 720 720 720
Met project benefit after application of Bergmann's non
use value 726 60 1,065 555 774 384 1,542 390
Maximum annual household non-use disamenity V
value that would still return a positive NPV (£) 38.96 21.01 48.11 34.38 40.26 29.75 60.97 29.91
Table 34: Summary Clyde present value costs and benefits
From Table 34 it can be seen that for the eight main scenarios considered, the project 
delivers a positive net present value ranging from £780 million to £2.3 billion before 
accounting for the non-use disamenity impact. Applying the non-use disamenity 
present value o f  £720 million (based on a non-use welfare loss o f £19.40 for each o f
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the 2.1 million Scottish households (Bergmann et al., 2006), the project still returns a 
positive net present value for each scenario. This ranges from £60 million to £1.5 
billion.
The final row indicates the maximum annual household non-use welfare loss, for 
each o f the 2.1 million Scottish households, that could be sustained while still 
returning a positive net present value under each scenario. That is to say, the project 
would still deliver a welfare gain to Scotland even if  this non-use disamenity value 
were held. This figure ranges from £21.01 up to £60.97.
It is o f  greatest interest to note the sensitivity o f these results to the number o f 
households to which the non-use value o f £19.40 is applied. If the figure were 
applied to 2.28 million rather than 2.1 million households, the net present value for 
the gas scenario where the fuel is discounted at the Treasury rate would be negative.
28.1 Sensitivity to gas prices
It can be seen from Table 34 that in all but one o f  the scenarios (wind displaces gas, 
with a low value o f carbon), the benefits arising from avoided GDP losses and 
carbon savings are greater than the sum o f the costs (excluding the non-use 
disamenity value). That is to say, in an analysis that did not take account o f the non­
use disamenity value, even if  the avoided costs o f gas were to drop to zero, the 
benefits would outweigh the costs in most scenarios. Thus it is the application o f the 
non-use value that renders the avoided gas costs so significant for the project NPV.
The results in Table 34 refer to a gas price o f 35p/therm. Table 35 shows the 
sensitivity to gas prices, using a high price o f 52p/therm, and a low price o f 
21 p/therm, as used in the UK Government’s Energy Review (DTI, 2006).
183

















Gas price 21 p/therm
Project NPV before non-use disamenity 903 503 1,242 733
Applying non-use disamenity value to project NPV
Bergmann's (2006) £19.40 non-use disamenity value applied 
to 2.1 million Scottish households 720 720 720 720
Net project benefit after application of Bergmann's non-use 
value 183 -217 522 13
Maximum household non-use disamenity value that would 
still return a positive NPV (£) 24.33 13.56 33.47 19.75
Gas price 52p/therm
Project NPV before non-use disamenity 2,105 1,115 2,444 1,935
Applying non-use disamenity value to project NPV
Bergmann's (2006) £19.40 non-use disamenity value applied 
to 2.1 million Scottish households 720 720 720 720
Net project benefit after application of Bergmann's non-use 
value 1,424 1,135 2,483 1,254
Maximum household non-use disamenity value that would 
still return a positive NPV (£) 57.78 30.6 66.92 53.2
Table 35: Sensitivity to gas prices
In all but one o f  the scenarios in Table 35, the project still returns a positive NPV 
even with the inclusion o f the £19.40 non-use figure applied to 2.1 million 
households. In the one scenario where a negative NPV is returned, the maximum 
annual household welfare loss, for each o f  the 2.1 million Scottish households, that 
could be sustained while still returning a positive net present value would be £13.56.
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29.0 Discussion
The significance o f the non-use value is clear from Table 8. It is roughly twice the 
size o f all the other cost categories put together for the gas counterfactual, and over 
four times the total o f all other costs for the coal counterfactual.
As mentioned above, the cumulative non-use value is based on the arbitrary choice 
o f  applying the £19.40 to all Scottish households, o f which there happen to be 2.1 
million. Under the gas scenario where the fuel is discounted at the Treasury rate, the 
net present value is negative when the non-use figure is applied to 2.28 million 
households, a Scottish households figure that would arise if  the Scottish/English 
border happened to be drawn 30 miles further south.
This raises an important issue for the application o f non-use value -  the placing o f 
bounds. Is an administrative boundary really appropriate? Would a windfarm that is 
closer to Carlisle than it is to Perth not have a greater non-use effect on those 
immediately over the border in England? If  a similar windfarm were built in England 
should the non-use value be applied to all 21 million households, or is there a distance 
decay function that can more readily capture the non-use disamenity value o f a 
specific installation?
There is also the issue o f how this non-use value might vary through time. With an 
increasing number o f  windfarms being developed, would the non-use disamenity 
value associated with each marginal installation increase or decline? If  tackling 
climate change becomes a far more significant priority as far as the public are 
concerned, would there be a greater acceptance o f wind installation, marked by a 
declining non-use disamenity value?
However, o f greater practical interest is the use o f landscape valuation techniques to 
place a monetary figure on the costs associated with the visual impact o f specific 
installations for residents and visitors, i.e. the changes in use values for those who 
will directly experience the windfarm. Applying a consistent approach to 
quantify ing  the visual impact in each instance, would arguably represent a significant 
step forward in the process o f assessment, enabling different schemes to be compared
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using a common metric. This metric also has the advantage o f enabling direct 
assessment alongside other market, and non-market, costs and benefits, including 
avoided carbon emissions.
If  such an approach were to be more widely applied to planning for windfarms, it 
could provide a framework for identifying, from a societal perspective, the 
cost:benefit ratio o f each proposal. Such a ratio could then be the basis for approval, 
theoretically enabling the targets for renewable energy developments to be achieved 
in a cost-effective manner, i.e. at least social cost.
A number o f research needs can be identified here, the first o f which is the 
requirement for primary studies eliciting WTP values for residents in areas close to 
proposed windfarms, and for visitors to those areas. While the benefits transfer 
approach used in this study can be considered to have delivered a reasonable 
approximation for the purposes o f  this assessment, the technique, and the values 
derived, should be verified through the gathering o f  primary data.
Such research might usefully seek to value the marginal changes associated with 
factors such as increased turbine size/height, the addition or removal o f  turbines 
from proposed windfarms, and how values might vary across different landscape 
types.
A further need, and one that will become increasingly important over the next few 
years, is to understand, in quantitative terms, the issue o f  cumulative visual impact. 
Guidance from Scottish Natural Heritage (2005) gives an example o f two windfarms 
either side o f a valley, suggesting that taken together, the combined impact may be 
greater than the sum o f the two individual impacts. While intuitively it could be 
argued that the two together have an increased impact, it could be expected that there 
might in fact be a ‘diminishing marginal disutility' in terms o f  valuing the successive 
changes to the landscape. While it has in fact been observed from previous studies 
that people experience diminishing marginal effects o f  both gains and losses 
(Kahneman and Tversky, 1979; Knetsch, 2007), there is as yet no evidence either 




The analysis presented in this report demonstrates that under standard assumptions, 
with the windfarm displacing a gas-fired power station, and including a reasonable 
accounting for local disamenity impacts, the Clyde project delivers a net welfare gain 
o f  £1,445 million.
When the only available estimate for the non-use disamenity value for a large 
(160MW, 80 turbine) windfarm in Scotland (o f £19.40 per household per annum for 
all 2.1 m illion Scottish households) is imputed, this reduces the welfare gain to £726 
million. What this result means is that the Clyde project still delivers a net welfare 
gain to society.
That this non-use disamenity value can reasonably be applied to the Clyde wind farm 
in this way is far from certain. There are some very good reasons for doubting that 
this represents the true non-use value associated with this project.
A number o f research questions follow from this analysis. One o f  these is the 
investigation o f  the non-use value cost category associate with wind farms. 
Specifically, further investigation is warranted to determine how this value varies 
across survey respondents when they are given further information on the location o f 
wind farms. It would seem inappropriate to assume that this value is not invariant 
with location o f  both the windfarm and the respondent, the number o f  wind farms or 
through time. But there is currently no research that proves this.
However, o f  perhaps greater practical use would be primary studies establishing the 
changes in use value associated with the visual impact o f developments. An 
improved understanding o f such values could pave the way for a wider application o f 
cost-benefit analysis in considering how to achieve targets for renewable energy 
deployment while incurring the lowest possible social cost.
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The central contention o f this thesis is that a clear understanding o f the nature o f 
barriers to the development o f renewable energy in the UK is necessary not only to 
enable Government targets to be achieved, but to ensure that they can be achieved in 
an efficient manner. The research reported in the four main chapters highlights a 
number o f important issues in respect o f these barriers, and aids understanding o f the 
nature o f constraints on the development o f two areas o f renewable energy with 
significant potential in the UK. Such understanding, if  translated into effective policy 
responses, should allow for a more cost-effective approach to increasing the supply 
o f perennial energy crops, and rolling out the development o f onshore wind farms.
Key messages in respect o f perennial energy crops include:
• UK farmer adoption o f perennial energy crops is likely to be significantly 
below Government expectations unless a number o f issues are tackled. 
Specifically, concern about the security and stability o f income from 
contracts is preventing uptake at gross margins that should be attractive to 
farmers.
•  Simply increasing the returns available by increasing the support for 
combustion o f perennial energy crops via the Renewables Obligation is an 
unnecessarily expensive way o f increasing levels o f supply. Tackling 
concerns over security and stability o f income from contracts, such as 
through a form o f insurance, would create the pre-conditions for farmers to 
consider adoption at lower gross margins.
•  Cashflow is also a concern, specifically for SRC willow where there is a 
significant delay between planting and harvesting. This is something that has 
started to be addressed through some o f the more innovative contractual 
arrangements, such as via Bical for supply to Drax, but such approaches 
should become more widespread.
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Key messages in respect o f  onshore windfarms include:
•  The current approach to planning for onshore wind has no mechanism to 
ascertain the welfare impacts o f  specific proposals in a manner that is 
consistent with standard UK Government project appraisal techniques, which 
use CBA to incorporate market and non-market costs and benefits.
• Such an approach, using cost-benefit analysis, is demonstrated to have the 
potential to place a monetary value on the apparently intangible issue o f 
visual impact, which is one o f  the most contentious aspects o f onshore 
windfarms.
•  Furthermore, applying this framework to wider consideration o f the relative 
merits o f  competing schemes should enable Government targets to be met at 
the lowest possible social cost.
The messages presented above are unavoidably linked to the analytical framework 
adopted for this study. In approaching the research for this thesis, a number o f 
decisions have been made as to the techniques to apply, in areas where there are 
other ways o f  framing the analysis. Moreover, there are a number o f  possible 
criticisms o f the approaches that have been taken. The following sections will 
explain the rationale for the way in which the research has proceeded, examine 
alternatives, and justify the chosen methods.
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33.0 Approach to modeling farmer uptake of 
perennial energy crops
The initial approach was intended to focus simply on the development o f a 
mathematical model, illustrating uptake o f perennial energy crops at different gross 
margins. The intention was to attempt to incorporate variables such as risk aversion, 
through the use o f weighted goal programming. This was largely driven by the stated 
requirements o f the NERC funded research grant, as part o f the TSEC-Biosys 
programme. However, it soon became clear that perennial energy crops had a 
number o f attributes that precluded a conventional analysis o f  uptake based on 
incremental increases in return and weighted farmer preferences.
Reviewing the available literature, it was evident that perennial energy crops are still 
seen as a particularly novel enterprise, and that almost a decade after the collapse o f 
the ARBRE scheme, the impact o f this event continues to taint fanners’ views o f 
these crops, ft was therefore deemed necessary to gain a more detailed 
understanding o f farmers’ specific attitudes and behavioural intentions in respect o f 
peremiial energy crops. Such an approach is consistent with the trend, over the last 
two decades, in agricultural economics, away from simply considering farmers as 
rational market participants, to attempting to delve deeper into understanding 
individual motivations.
This approach was also considered particularly appropriate due to the stage o f 
development o f the perennial energy crop market in the EfK. With low levels o f 
uptake, confidently identifying an observed supply curve against which to calibrate a 
modelled supply curve would have been a very difficult undertaking. In addition, the 
influences on such crops from both agricultural and energy policies, both o f which 
have been in a relative state o f flux over the period o f this research, suggested 
strongly that understanding attitudes, influences and behavioural intentions would 
yield the most useful insights.
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33.1 Investigating farmer behaviour
Mainstream economics teaches that individuals make decisions based on the 
expected resulting change in their level o f  well-being (or utility). An increase in an 
individual’s utility may arise from a number o f  events, such as the purchase o f a new 
car, a pay rise, or an improvement in health or the local environm ent (Edwards- 
Jones, 2006). However, utility is difficult to measure. For others subject to the same 
event, the increase in utility may be larger or smaller. Moreover, for the same person, 
the effect o f  an identical event at different points during their lifetime may not 
always deliver the same increase in utility (Edwards-Jones, 2006).
For economists, the concept o f utility is very useful, with the assumption that humans 
seek to maximize their levels o f  utility forming the basis o f traditional economic 
modeling. However, in practice, as measurement o f utility is problematic, economists 
make the assumption that money can act as a reasonable proxy for the extent to 
which an individual’s utility is changed by a particular event (Edwards-Jones, 2006). 
Thus agricultural economic modeling, used to predict likely levels o f uptake o f 
particular activities, given the relative financial attractiveness o f  competing activities, 
has for many years assumed the existence o f  the rational profit maximizing farmer 
(Wallace and Moss, 2002; Revell and Oglethorpe, 2003). This approach was used by 
University o f  Cambridge (2005) to estimate the likely uptake o f  perennial energy 
crops by UK farmers.
W hile in many cases decisions may well be dominated by financial concerns, a range 
o f  other, non-financial factors are understood to influence the adoption o f  new 
products, policies and technologies (Jones, 1963; Rogers, 2003). The need to 
understand these factors has become increasingly important in recent years with the 
growing policy focus on encouraging the supply o f  environmental goods by farmers. 
In attempting to anticipate likely farmer response to opportunities presented by novel 
activities such as perennial energy crops (Sherrington et al., 2008) or voluntary 
schemes promoting biodiversity enhancement and water management, mainstream
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agricultural economics has increasingly drawn on insights from disciplines such as 
sociology and psychology (Edwards-Jones, 2006).
Research into adoption decisions o f farmers has identified five key sets o f non- 
financial variables that can play an influential role. These are: farmer characteristics, 
household characteristics, farm structure, the wider social setting and the 
characteristics o f the innovation to be adopted (Edwards-Jones, 2006).
Age, gender, attitude to risk, education and personality are all fanner characteristics 
known to be important in adoption decisions, while farm household characteristics 
known to be important include work patterns o f the spouse, level o f pluriactivity, and 
stage in the family cycle (Jones, 1963; Bowler, 1979; Brotherton, 1989, 1991; 
Nkonya et al., 1997; Willock et al., 1999b; Vanslembrouck et al., 2002; Sheikh et al, 
2003). The structure o f the farm business, such as farm type and size, and levels o f 
indebtedness are also understood to influence decision making (Jones, 1963; Potter 
and Gasson, 1988). Sherrington et al., (2008) found that adoption decisions in 
relation to perennial energy crops may be based on a broad range o f criteria 
including the greater perceived risks involved in such activities, reduction o f farm 
business flexibility, and life stage o f the farmer.
Factors relating to the social setting such as attitudes o f trusted friends, local culture, 
levels o f extension, information flows, the policy environment and institutional 
structures have more recently been identified as important influences on decision 
making (Guerin and Guerin, 1994; Neupane et al., 2002; Mathijs, 2003; Solano et al., 
2003), and are now key considerations in models used to understand and anticipate 
behavioural intentions (Beedell and Rehman, 2000; Mattison and Norris, 2007). Such 
considerations are clearly evident in the case o f perennial energy crops. Farmers 
perceive a lack o f trustworthy information in relation to perennial energy crops, with 
many taking a wait-and-see attitude, through observation o f the crops o f 
neighbouring ‘early adopters’ (Sherrington et al., 2008). There are also concerns 
about institutional risk in terms o f the security o f income from available contracts, 
and the policy risk o f novel activities that are at the interface o f energy and 
agricultural policies (Sherrington et al., 2008).
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The fifth set o f variables identified relates to the characteristics o f  the product or 
policy to be adopted. Much research in this area focuses on agri-environment 
schemes, where factors relating to participation include the voluntary nature o f  the 
scheme, scheme duration, payments, flexibility o f  the scheme and its impact on farm 
management (Guerin and Guerin, 1994; Morris and Potter, 1995; Wilson, 1997). 
Another important factor is the level o f paperwork involved, with requirements for 
lengthy form filling having been shown to cause stress among farmers and lead to 
lower levels o f scheme adoption (AgraCeas, 2003; McGregor et al., 1995; Boulanger 
et ah, 1999). Farmer concern over paperwork is also evident in the context o f  the 
various support schemes for perennial energy crops (Sherrington et ah, 2008).
In addition to the above factors, and financial concerns, aspects o f  a farm er’s 
psychological make-up, such as attitudes, also influence an adoption decision (Austin 
et ah, 2001; W illock et ah, 1999a and b). Attitudes have been defined as ‘a positive 
or negative response towards an attitude object (where an attitude object may be a 
person, idea, concept or physical object’ (W illock et ah, 1999b), and as ‘a 
psychological tendency that is expressed by evaluating a particular entity with some 
degree o f  favour or disfavour’ (Eagly and Chaiken, 1993).
Considerable attention has been given to the study o f  farmer attitudes in recent years, 
because o f  the realization amongst agricultural scientists that attitudes have an 
important influence on farmer behaviour, and that relationships may exist between 
attitudes and other characteristics such as education (Edwards-Jones, 2006). Such 
relationships have long been understood in the field o f social psychology, with 
attitudes acknowledged to interact with other personal aspects to influence behaviour 
(Ajzen and Fishbein, 1980; Ajzen, 1991). M odels developed for social psychology 
research are increasingly being used in many areas, and using such an approach to 
underpin the work for this thesis relating to farmer adoption o f  perennial energy 
crops has yielded considerable insights o f significant use to policy makers.
Three social psychology approaches predominate in considering uptake o f new 
techniques and technologies in the agricultural context - the Theory o f  Reasoned 
Action (TORA) (Ajzen & Fishbein, 1980), its extension the Theory o f Planned
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Behaviour (TPB) (Ajzen, 1991), and Diffusion Theory, which has been successfully 
applied in rural situations since the 1940s (Fliegel, 1993).
Diffusion is defined by Rogers (1995) as “the process by which an innovation is 
communicated through certain channels over time among members o f a social 
system”, and the theory has been widely used to consider the uptake o f agricultural 
innovations such as herbicides, hybrid seed and fertilizers. Seminal research by Ryan 
and Gross (1943) on the diffusion o f sowing hybrid corn by Iowa farmers in the USA 
provided the fundamental characteristics o f the theory: the classic “diffusion o f 
innovations” paradigm. The study promoted the significance o f communication as a 
construct in the diffusion model and provided the generic bell-shaped and sigmoid 
curves o f  uptake on which much rural sociology research has been based (Jackson et 
ah, 2006).
Communication was one o f the recurring themes in Rogers’ (1995) description o f 
each category o f  adopter, termed ‘Innovators’, ‘Early Adopters’, ‘Early M ajority’, 
‘Late M ajority’ and ‘Laggards’, with the geographical extent o f their communication 
reflecting their position on the curves. For the networks o f Innovators, Rogers (1995) 
used the term ‘cosmopolite’ to reflect the great distances over which they 
communicated, whereas laggards were the most fervent ‘localites’, viewed as ‘near 
isolates in the social network’, (Rogers, 1995).
The adoption o f an innovation is seen as a process and follows five main phases in 
which different information sources are important (Rogers 1995, 2003; Tutkun et ah,
2006).
1) Knowledge o f  the innovation -  in this phase, mass media plays an important 
role as a source o f information
2) Persuasion and evaluation o f the attributes o f an innovation, i.e. formation o f 
attitudes as to its advantages and disadvantages -  friends and neighbours are 
the most important sources o f information at this stage
3) Decision whether or not to adopt the innovation. Through actively seeking 
and processing information the aim is to reduce uncertainty about the
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advantages and disadvantages -  again friends and neighbours are important 
information sources
4) Implementation o f the innovation -  sometimes an adaptation o f  the 
innovation to the farm environment may be needed and personal experience 
is very important at this stage
5) Confirmation -  i.e. the individual seeks reinforcement for the innovation 
decision already made.
However, as Fisher et al. (2000) note, diffusion differs from adoption in that it is the 
process by which new technologies are spread among users, whereas adoption is an 
individual, internal decision. W hile an awareness o f the process by which such 
diffusion in respect o f  perennial energy crops might take place is useful for this 
research, understanding likely individual farmer behaviour in respect o f  adoption is 
the focus. Therefore, the decision was taken to use the Theory o f Planned Behaviour.
The Theory o f  Planned Behaviour, and it’s predecessor, the Theory o f Reasoned 
Action have substantial empirical support, and have successfully been used to predict 
behavior in a variety o f  practical contexts including smoking (e.g. M orrison et al., 
1996; N orm an et al., 1999), adherence to a medical regime (Conner et al., 1998), 
choosing a career (Vincent et al., 1998), composting (Kaiser et al., 1999), as well as 
for farmer decision making (Lynne et al. 1995; Beedell and Rehman 1999, 2000; 
Trumbo and O ’Keefe 2001, Deffa 2006; M attison & Norris, 2007).
The foundation o f the TPB is the subjective expected utility theory (SEU) and it is 
therefore assumed that individuals behave in a rational way, in accordance with their 
subjective expected or perceived utility (Fishbein & Ajzen, 1975). This aspect has 
been criticized on the basis that the TPB presents a picture o f  decision-making 
processes that is too rational and calculated, without taking into account that people 
often act based on habit and automatic or unconscious processes (Bagozzi 1992; 
Bagozzi and Kimmel 1995). This implies that despite its predictive successes, the 
TPB may not accurately reflect the actual psychological processes involved in 
decisions to perform a particular behavior.
206
However, this criticism is common to all attitude theories which use an expectancy- 
value format when attempting to explain behavior, including utility theory in 
economics: the role ot habit is not well represented. Moreover, in the case o f 
adoption o f  perennial energy crops, a novel activity, the use o f  habits would not 
necessarily be a useful indicator o f adoption intentions
One common method for addressing the lack o f emphasis on automatic and 
unconscious processes in the TPB is simply to propose a different model. However, 
none o f the competing models (e.g., Bagozzi 1992) have generated enough research 
or gathered enough empirical evidence to show that they achieve generally better 
prediction or understanding o f the factors influencing decision making (Hoffman et 
al., 2004).
Proponents o f expectancy-value models in general, and o f the TPB and TRA in 
particular, typically point out that the TPB does predict behavior fairly well and thus 
has at least predictive validity, one o f the requirements o f external validity. Sutton’s 
(1998) meta-analysis o f research using the TPB indicated that, on average, the TPB 
explains 40% to 50% o f the variance in intentions to perform a behavior, and 19% to 
38% o f the variance in actual behavior. Compared to many effects in psychology, 
even the smaller proportion o f behavior variance explained is notable ( Hoffman et 
ah, 2004).
A second criticism o f the Theory o f Planned Behavior relates to confusion over the 
meaning o f  the constructs. The primary example given for this is the construct o f 
perceived behavioral control. Ajzen (1985) has stated that this concept is similar to 
the concept o f self efficacy proposed by Bandura (1977a, 1977b). Self-efficacy refers 
to a person’s beliefs about whether s/he can be instrumental in a given situation. 
However, some empirical research indicates that self-efficacy and perceived 
behavioral control are different constructs (e.g., Manstead and van Eekelen 1998).
According to this research, self-efficacy represents a concept consistent with the way 
it has been classically defined: whether one perceives oneself as possessing the skills 
and abilities necessary to control the situation. Perceived behavioral control seems to 
capture whether one believes it is possible to control the situation. A recent
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metaanalysis has indicated, however, that there is only weak evidence for 
distinguishing between perceived behavioral control and self-efficacy (Armitage and 
Connor 2001).
A number o f empirical and review articles suggest that understanding o f  behavior 
may be improved by adding variables to the basic TPB model to address criticisms 
relating to the influence o f  unconscious processes such as habit, and the confusion 
between perceived behavioral control and self-efficacy (Aarts et al. 1998; Comior 
and Armitage 1998; M anstead and van Eekelen 1998; Richard et al. 1998; van der 
Pligt and de Vries 1998).
One o f the most commonly recommended additional variables is past behavior 
(Connor and Armitage 1998). Empirical research indicates that past behavior is able 
to account for variance in behavior above that attributable to the TPB components 
(Aarts et al. 1998; Connor and Amiitage 1998). However, as noted above, in the case 
o f  adoption o f  perennial energy crops, a novel activity, the use o f past behaviour may 
not necessarily be a useful indicator o f adoption intentions.
O f the TPB studies applied to farmers' decision making, most o f have focused on 
conservation behaviors. For example, Lynne et al. (1995) examined the adoption o f 
water conservation technology by Florida strawberry farmers. Their research 
supported Ajzen’s decision to add perceived behavioral control to the Theory o f 
Reasoned Action in his proposal o f the TPB because both perceived and actual 
control explained a significant proportion o f the variance in water conservation 
technology adoption by these farmers.
In other studies o f farm ers' conservation behavior, Beedell and Rehman (1999,
2000) found that, consistent with the TPB, farm ers’ pre-existing attitudes and social 
pressures determined why and in what manner they chose to manage the hedges on 
their land. “Conservation-minded” farmers were more likely to consider the 
conservation benefits o f  hedge management in their decisions. These fanners also 
felt under greater social pressure to manage their hedges, as they tended to belong to 
one or more conservation groups. This application o f  the TPB suggests that it can 
offer useful insight into farmers’ decision-making processes and their behavior.
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A further criticism is that behavioural decision-making models such as the TPB and 
TORA rely on self-reports, despite evidence suggesting the vulnerability o f such data 
to self-presentational biases (e.g. Gaes et al., 1978). Hessing et al. (1988) examined 
the TORA in relation to tax evasion, and contrasted self reports with official 
documentation. Findings indicated that attitudes and subjective norms correlated 
with self-reported behaviour, but did not correlate with documentary evidence, in 
spite o f considerable effort to maintain the anonymity o f respondents. However, in 
the context o f adoption o f perennial energy crops, there is no a priori reason to 
expect that farmers would deliberately choose to misreport their intentions.
While there will always be a number o f  potential shortcomings to any research 
approach, evidence from narrative and meta-analytic reviews suggest that the TPB is 
indeed a useful and appropriate model for predicting a wide range o f behaviours and 
behavioural intentions (Armitage and Conner, 2001).
33.2 Criticisms of the chosen approach
From the point o f view o f the research council, it could be argued that the study has 
failed to deliver an accurate answer to the level o f adoption that might be expected 
given a certain level o f return. However, the response to this is that it is too early to 
state with any confidence the level o f uptake that might be achieved, and moreover, 
uncovering the key issues identified in both the focus groups and the postal survey, 
has delivered valuable insights o f direct policy relevance. A greater focus on 
developing models that covered a number o f scenarios, and incorporated goal 
seeking approaches might well have produced a range o f  possible levels o f uptake, 
but would have been to the detriment o f greater understanding o f  the actual barriers 
to adoption as considered at the farm-level.
It would also be possible to criticise the focus group approach in that such groups can 
always be considered self-selecting, to a certain degree, are not representative, and 
are potentially dominated by the views o f a few. However, the very nature o f  the 
extent o f energy crop adoption meant that few people had experience o f the crops, 
and thus their views were useful as the first step in the wider Theory o f Planned 
Behaviour based research. It has never been suggested that the focus groups were
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representative o f the wider fanning community, with the second stage o f the 
research, the postal survey being relied upon as the way to establish a statistically 
significant response to key issues.
Again, with the postal survey, only specific areas o f the country were targeted, 
leading to potential claims that the views presented were not representative o f the 
UK farming community as a whole. However, the difficulty here, reflecting once 
more the immaturity o f the energy crop market, is that in many areas there simply are 
no perennial energy crops, and no significant sources o f demand. It was considered 
more useful to focus on areas where farmers knew that others had already adopted 
and that sources o f  demand existed within a reasonable distance.
One o f  the early hopes for the Theory o f  Planned Behaviour research was that 
findings could, at a later date, be incorporated into a model using Positivistic 
Mathematical Programming. Research undertaken for Defra by a team o f agricultural 
economists at Reading University (Defra, 2006) was intending to achieve such a 
process o f  integration. Unfortunately, their efforts were unsuccessful, and it was 
decided not to attempt to integrate the findings from the postal survey research into 
mathematical modelling. Notwithstanding, this setback, as a stand-alone piece o f 
research, the output from the postal survey using the Theory o f Planned Behaviour 
has delivered a number o f  useful findings.
The mathematical model is therefore applied in the full knowledge that at the farm 
level, there are a number o f significant barriers to adoption. Having gained this 
understanding, the decision was taken to abstract from these known barriers in the 
modelling, and model uptake in the conventional manner, treating the decision to 
adopt as one simply based on financial considerations, i.e. the return available from 
these activities. This achieved two key objectives.
Firstly, in updating the research undertaken by University o f  Cambridge (2005), the 
intuitive effect o f  increased prices for conventional crops became evident in that 
higher returns for energy crops were required to stimulate a certain level o f uptake.
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Secondly, the gap between modelled and actual uptake at current prices highlights 
the existence and importance o f the identified barriers to adoption, along with 
supporting the contention that directly tackling the known barriers should bring about 
adoption at a lower cost than through increasing support levels via the Renewables 
Obligation.
Thus while the modelling does not provide ‘an answer’, it does usefully illustrate the 
juxtaposition o f conventional economic understanding o f adoption with the more 
detailed behavioural studies that preceded the model’s application. In tackling the 
research in this order, the all important context within which the model’s results 
should be interpreted has been fully developed. In so doing, the Theory o f Planned 
Behaviour research, and the mathematical modelling studies serve to complement 
each other in bringing about a fuller understanding o f the key issues.
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34.0 Planning for onshore windfarms
The research that led to the publication o f the paper addressing the economics o f 
onshore wind generation, including externalities, was commissioned by Airtricity 
Ltd., a Dublin based developer o f on and offshore windfarms. Airtricity sought an 
impartial assessment o f one o f  their proposed schemes, using techniques and values 
in line with UK Treasury project appraisal guidance, in order to establish the overall 
costs and benefits o f the proposal.
From reviewing the literature it soon became clear that no such study had ever been 
undertaken for an onshore windfarm, which was quite remarkable considering that 
the development o f onshore wind in the UK engenders such strong opposition, 
typically related to the perceived negative visual impact. That no attempts had been 
made to understand this opposition using an approach such as a contingent valuation 
study that could be applied within the framework o f  CBA was surprising.
A reason for this might be that the predominant framework for assessing the merits 
o f proposed windfarms is that applied through the planning process, where impacts 
are assessed using an ordinal scale. Monetised impacts, both costs and benefits, as 
established for appraisals o f projects such as road schemes, do not feature. This is 
arguably a significant weakness o f  the planning system, especially if  trying to 
establish a consistent approach across the country. While it is difficult enough to 
assess whether an individual windfarm project should go ahead, to explain why one 
has been refused and another allowed is more difficult, and will become increasingly 
so with the large number o f  pending planning applications.
There is, furthermore, concern as to the weight currently given by planning 
authorities to the various positive and negative impacts that arise. Specifically, some 
landscape protection groups feel that carbon dioxide reductions, which can be 
measured in terms o f  their contribution to government targets, heavily outweigh 
other perhaps less tangible environmental and landscape considerations in planning 
judgem ents in the UK (Ramblers Association Scotland 2005, CPRE, 2005). While
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some may consider ‘aesthetic issues’ as difficult to equate with the ‘fundamental 
risks that continued fossil fuel use poses to natural systems and society’ (WWF-UK, 
2003), it is technically possible to quantify the welfare changes arising from both the 
visual impact and the avoided emissions associated with a windfarm. Thus potential 
trade-offs can be examined.
Using a cost-benefit style approach would appear to have a number o f attractions, but 
would represent a significant change in emphasis from the current process o f 
landscape evaluation that is undertaken as part o f the planning process. It is 
therefore worth considering the theoretical roots o f the two approaches in order to 
assess whether the argument that applying cost-benefit analysis could enable a more 
socially cost-effective deployment o f onshore windpower, can be sustained
Some o f the relevant issues have been touched upon to a certain extent in Chapter 5, 
and will be more fully discussed below.
Firstly, understanding o f public perceptions o f  windfarms is reviewed. Then the 
current planning approach is investigated. Following this, consideration is given to 
the techniques, merits, difficulties and possible objections to capturing the visual 
disamenity associated with windfarms in monetary terms. Further research needs are 
then discussed.
34.1 Public perceptions of windfarms
Public opinion is generally positive towards wind power (Sustainable Development 
Commission, 2005; Devine-Wright, 2005; Krohn & Damborg, 1999). But when it 
comes to specific projects, local and organised opposition can be significant (Ellis et 
al., 2007; Haggett, 2004). Research confirms that the strongest impacts on attitudes 
to wind farm proposals arise from the projected aesthetic value o f turbines and 
perceived impact on landscape (Pasqualetti et ah, 2002 ; Burall, 2004,
Wolsink,2007a).
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M ost attitudinal research in this field has focused on the contrast between opposition 
from local residents (many o f whom support wind power in principle) and the high 
levels o f support for wind among the public in general. Some have characterised this 
difference as one that can only be explained in terms o f the ‘deviant’ behaviour on 
the part o f  the objectors who are then neatly labelled as NIM BYs (e.g Righter, 1996; 
Elliot, 1997, Kahn, 2000). Ellis et al. (2007) however, argue that such analysis has 
tended to project monolithic notions o f objection that fail to grasp the intricacies o f 
local disputes and tend to focus on objectors as the key obstacle to wind farms rather 
than encouraging an understanding o f  the complete dynamic o f the dispute (Smith & 
Marquez, 2000).
Evidence o f  this is an assumption that is found in policy documents (e.g. RCEP,
2000; DTI, 2002) and some academic texts (e.g. Strachan et al., 2006) that 
‘awareness-raising’ should be the main strategy for bringing objectors round. This 
view is supported by Short (2002) who considers that “opinion is formed not by 
experience, but rather by ignorance, misinformation, prejudice and fashion”. In such 
a way the objections voiced by local residents are deemed by some groups (e.g 
WWF-UK, 2003) to be less valid than the national and global concerns that are being 
tackled, in part, by the promotion o f  renewable energy.
Arguably such a view o f ‘opposition through ignorance’ fuels the fears o f recreation 
and landscape protection groups that visual impact is not given due importance in 
planning judgem ents in the UK (Ramblers Association Scotland 2005, CPRE, 2005). 
However, as Ellis et al. (2007) point out, far from being ignorant, many objectors 
appear extremely well informed about the subject (e.g. Etherington, 2006), and their 
views result from deeply held values, consistent with their opposition to individual 
schemes even when they may support wind pow er' in principle. In fact it is 
recognised in the fields o f  social and environmental psychology that it is entirely 
consistent to both approve o f  windpower and object to a particular scheme, as 
‘windpower in general’ and ‘a specific windfarm proposal’ are two entirely separate 
‘attitude objects’. As W olsink (2007b) notes, attitudes to wind power are 
fundamentally different from attitudes towards wind farms.
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Most research in this area has described and attempted to account for public reactions 
to wind energy development (Devine-Wright, 2005). While this has brought about a 
greater understanding o f the nature o f  objections to windfarm proposals, little has 
been done to quantify such opposition in a way that can allow comparison with other 
positive and negative impacts.
34.2 The current approach to evaluation through planning
For larger wind power projects in the UK, (usually those over 5 MW), the developer 
is required to produce an independent Environmental Impact Assessment (EIA) to 
investigate specific concerns such as landscape, noise and wildlife effects 
(Sustainable Development Commission, 2005).
The results o f the EIA are published in an Environmental Statement (ES), which is a 
publicly available document that will be used in the consents process. It must be 
accompanied by a non-technical summary, written in an accessible way and available 
free o f  charge, usually from the developer (Sustainable Development Commission, 
2005).
EIA regulations (HMSO, 2000) require that “the aspects o f the environment likely to 
be significantly affected by the development” are included in the ES, but offer no 
specific guidelines on definitions o f  significant. While the prediction and then 
evaluation o f significance is central to EIA, it is also fraught with methodological 
difficulty. University o f  Newcastle (2002) states that ‘Ultimately, significant is what 
individuals, people, organisations, institutions, society and/or policy say is significant 
-  it is a human evaluative and subjective judgement on which there may or may not 
be consensus’.
For landscape and visual effects, the LI-IEA guidelines (LI-IEA, 1995) are widely 
referred to in EIA, and appear to have become the de facto  national standard 
(University o f Newcastle, 2002). However, a subsequent advice note (Landscape 
Institute, 1999) emphasises that the guidelines are general, non-prescriptive, and not 
intended to offer a preferred methodology. In the second edition o f the guidance (LI-
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IEMA, 2002), stress is laid on “informed and well reasoned judgem ent supported by 
thorough justification”, as well as the need to consider issues, including significance 
on a case-by-case basis (Box 7.3, IEMA, 2002).
While broad professional landscape consensus does exist, as the similarities in the 
examples given in Appendix 6 o f LI-IEMA (2002) show, detailed differences o f 
interpretation are inevitable (University o f  Newcastle, 2002). Moreover, University 
o f Newcastle (2002) argues that “the definitions and judgements o f significance 
contained within an ES are ultimately those o f  the developer and/or consultant, even 
allowing for the existence o f  a degree o f  consensus among landscape professionals 
who would be expected to share some common standards and norms”. While 
University o f  Newcastle (2002) intends no criticism o f the honesty or professional 
integrity o f the parties in their case studies, they feel “it is a truism that a developer 
m ust want to minimise the number o f  significant impacts identified, and that a 
professional is tom  between their role as an expert and their role as an advocate” .
W hile some ESs may be little more than promotional material for developers, 
University o f  Newcastle (2002) argues that “even in ostensibly fair, balanced and 
unbiased statements there can exist more subtle and entirely understandable nuances 
and judgem ents that can be challenged”. As a result o f this, decision makers, from 
development control through to a public enquiry, may feel free to accept or reject 
many definitions and judgem ents unless consensus exists (University o f  Newcastle, 
2002).
This illustrates and supports the contention o f  Appleton (1975) that the lack o f an 
“aesthetic theory” handicaps objective professional evaluation o f landscape and 
landscape change.
To take the example o f  Scotland, where much o f  the U K ’s onshore wind capacity is 
due to be located, guidance from the Scottish Executive states that:
“Consideration o f  the significance o f  any adverse impacts o f  a renewable generation 
proposal should have regard to the projected benefits o f  the proposal in terms o f  the 
scale o f its contribution to addressing climate change through its contribution to the
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Scottish Executive's targets for renewable energy. A relevant consideration should 
be whether such a scale o f renewables contribution could be realised with fewer or 
lesser impacts in a different location or through several smaller projects” (Scottish 
Executive, 2007).
The Scottish Executive’s guidance does not, however, outline how to achieve the 
appropriate balance. While the methodology for landscape and visual impact 
assessments is well developed (University o f Newcastle, 2002; Landscape Institute & 
Institute for Environmental Management and Assessment, 2002), the question 
remains as to how tonnes o f avoided carbon dioxide emissions should be compared 
against the results o f a visual impact assessment that presents impact scores using an 
ordinal scale? In the absence o f a common scaling denominator it is not possible to 
establish in a transparent and consistent manner whether a project’s costs outweigh 
the benefits, or moreover, to compare competing projects and rank them.
The need to measure more fully the perceived visual and aesthetic impacts o f wind 
farms is evident from a review o f the academic literature (Khan, 2003; Strachan & 
Lai, 2004). However, while such impacts continue to be measured using ordinal 
scales based on expert-led evaluation, the problem o f comparison with other impacts 
remains.
An alternative yet complementary approach, is valuation, where a monetary value is 
assigned to a landscape (or indeed any change in that landscape), enabling 
comparison with other monetised impacts on a like-for-like basis. Following this 
approach, it is possible, through cost-benefit analysis (CBA), to quantify the welfare 
impact, in monetary terms, o f any individual windfarm proposal, to ascertain whether 
or not it delivers a net benefit to society. Competing projects can then be ranked by 
their benefit:cost ratio, or by the size o f  their net benefit to society. While such an 
approach could not replace all aspects o f the evaluative process undertaken through 
the development o f an Environmental Statement, a formal assessment o f the welfare 
impacts o f  a proposal could provide a valuable addition to the ‘toolkit’ available to 
the planning authority.
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While quantifying the welfare impact is attractive for the reasons outlined above, the 
use o f  CBA, especially to consider enviromnental and aesthetic issues does provoke 
controversy. One o f  the main areas where CBA is thought by some to be lacking is in 
the way it deals with issues o f  equity (e.g. Sagoff, 1988). In neo-classical welfare 
economics, economic value is determined by effective demand, i.e. by willingness to 
pay, backed up by an ability to pay. Thus if  someone would  pay to secure a certain 
benefit but was unable to afford anything, this would be treated as zero WTP. 
Effective demand as a measure o f  preferences has its attractions, but one weakness is 
the way in which the vote in the market place is unequal (Hanley & Spash, 2003). 
Accordingly, and reflecting wider societal inequalities, an equal opportunity to 
influence resource allocation could be argued to require an equitable income 
distribution. However, if  the existing income distribution is tolerated by society, by 
implication, the outcome o f a CBA, based on this distribution, may be treated as an 
acceptable basis for decision-making.
Similarly, the Kaldor-Hicks criterion, which states that a resource allocation is 
desirable if  the gainers could  compensate the losers and still be better off, is 
frequently criticised, on the basis that compensation is theoretical, i.e. it need not 
take place. Hence distributional impacts are not explicitly taken into account, but 
may be considered by the decision-maker outside o f  the CBA. An alternative, 
following Bergson (1938), is to define a social weighting within the CBA, perhaps to 
suggest that the poor should benefit to a greater extent than the rich. This would be 
consistent with the observation o f  the diminishing marginal utility o f  income, 
whereby an extra unit o f  income delivers less marginal utility to a rich person than to 
a poor person (Layard et al., 2008). W hile individual utility is difficult to measure, 
CBA sidesteps this issue by using money as a reasonable proxy for utility. This 
would indeed suggest there is a place for the inclusion o f weighting. However, such 
weights would need to be set, an act which would itself have to be a matter o f 
political judgement.
Over time it could be assumed that the government might use transfer payments to 
counter systematic redistributions following from implementation o f  the Kaldor- 
Hicks criterion, but if  these redistributions do not take place, then the adherence to
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CBA may well lead to adverse distributional consequences. However, the application 
o f weights to CBA would itself lead to problems o f inconsistencies in the evaluation 
o f competing projects, and thus the focus o f CBA remains on allocative efficiency, 
rather than distributional equity, with the latter being left to government to achieve 
through transfer payments.
For many people the attribution o f a monetary value to landscapes, species or indeed 
built heritage is distasteful, and incommensurate with their own beliefs. Often a 
landscape may be described as ‘priceless’, and within a contingent valuation study an 
individual would refuse to state a WTP for a change to that landscape. Such a 
response would count as a zero bid. Such ‘lexicographic preferences’ violate the 
exchange value assumption in neo-classical economics , i.e. the individual cannot be 
compensated for the loss o f a quantity o f one good by increases in the quantity o f one 
or more other goods, no matter how small the former or large the latter (Hanley & 
Spash, 2003).
This was famously highlighted by the Roskill Commission, which valued a Norman 
church at just £50,000 when seeking to establish through CBA the best location for a 
third London airport (Lichfield, 1971). The resulting controversy suggested that this 
was clearly an instance where lexicographic preferences were in evidence.
However, while such preferences may exist for iconic landscapes or locations, they 
will not be universally held. Moreover, for landscapes considered to be o f ‘lesser 
value’, such preferences may be entirely absent. A number o f techniques exist for 
dealing with these preferences within contingent valuation surveys, and if  
consistently applied enable reliable cross-comparison o f values (Hanley & Spash, 
2003).
While there may be a number o f difficulties in applying economic valuations to 
landscape, they have a number o f advantages compared with other techniques, as 
will be outlined below. Moreover, failing to incorporate these values within the 
widely applied framework o f CBA may in fact risk landscape issues being left out o f 
important decision-making processes (Swanwick et al., 2007).
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34.3 Evaluation or valuation of impacts?
Evaluation o f a landscape is the process o f  scoring or rating its quality, whereas 
valuation assigns an economic (monetary) value to the landscape or its attributes.
While evaluation is the more widely practised o f the two techniques, the absence o f  a 
common scaling denominator effectively precludes analysis o f  many o f the types o f 
trade-offs that are o f high policy relevance. For example, one cannot determine 
whether to save a superbly rated landscape (rating 23), which is remote with 500 
annual visitors, or an ordinary rated landscape (rating 10) that is visited by 100,000 
(Price, 1993). Likewise we cannot compare different degrees o f  impact on different 
landscapes or aggregate landscape impacts for alternative project designs (Santos,
1998).
Instead o f resolving this shortcoming, landscape research has moved onto a formal 
process o f  Landscape Character Assessment (LCA), which guides current landscape 
planning. LCA is unambiguously subjective but within a process that claims to 
reconcile a range o f concepts and elements that are deemed relevant in most cases o f 
characterisation (see Swanwick and LUC, 2002; Swanwick et al., 2007), and 
emphasises why places are special in terms o f  their character and distinctiveness. 
While attempting to minimise undue subjectivity, LCA does not make any pretence 
at being guided by public preference. Rather, it is a Delphi (expert) method o f 
meeting public preferences by proxy whereby the general framework o f  the 
assessment process essentially substitutes for individual preferences.
According to Santos (1998), this move towards character assessment, and the 
abandoning o f  research to further evaluation, has left a  void for evaluating trade-offs 
between development benefits and landscape quality. This void has most recently 
been filled by environmental economics; that is, the transition from evaluation to 
valuation.
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34.3.1 The econom ic valuation o f  landscapes
LCA guidance talks o f landscape as having economic value, ‘providing the context 
for economic activity and often being a central factor in attracting business and 
tourism ’ (Swanwick and LUC, 2002). Such revealed activity does not, however, 
represent a landscape’s total economic value, as public preferences for landscape are 
very rarely transacted in a market place. This means that a large proportion o f the 
value for users and non-users o f landscape is simply not accounted for in planning.
Improvements in environmental valuation techniques, and a growing body o f 
revealed and stated preference studies, provide some data to substantiate the process 
o f  landscape planning. These methods side-step the problems o f evaluation o f 
ordinal scales by allowing subjectivity to be translated into a numeraire (money). The 
mean stated preference or willingness to pay in money terms determines what is and 
is not important, and as long as a wide enough sample o f the public is obtained, the 
issue o f objectifying subjectivity is addressed. It is important to note, that such 
economic valuation is not typically concerned with the total or absolute value o f a 
landscape. Instead it is only concerned with a) changes in the economic value o f 
given landscape types due to some policy intervention or other change (such as a 
windfarm), or b) the economic value o f a given landscape type relative to an 
alternative -  for example draining a wetland and replacing it with arable farming 
(Swanwick et al., 2007).
But these advances have not been without criticism directed at the potential biases in 
preference elicitation using neoclassical methods. These criticisms vary in the extent 
to which they challenge the underlying theoretical validity (Spash, 1998;
Rosenberger et al., 2001), and the extent to which they advance plausible alternatives 
for evaluating trade-offs (Toman, 1998). Theoretical criticism tends to lead to the 
use o f  alternative deliberative o f multicriteria methods as aids to decision making. 
However, the theoretical validity o f these methods appears to be no more robust than 
that claimed by neoclassical methods.
Revealed preferences are closer to conventional markets in that these methods rely 
on some related complementary market (e.g. travel behaviour or property investment
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decisions) as a basis for inferring something about proximate landscape values o f 
interest. The principal methods in the revealed preference category are the travel 
cost method and hedonic pricing. The mechanics o f  applying these are detailed in 
Garrod and Willis (1999). Neither o f these techniques, however, is sufficiently 
discriminating o f  the detail that one might expect in landscape planning. Being based 
on complementary markets (i.e. travel and housing) they are only good for revealing 
preferences where those complements are present. In other words, only use values 
are considered, and this is a significant weakness, as any o f the passive motives that 
may be held for landscapes by people who never go near them are simply not 
counted. Since these motives can be extremely important for iconic landscapes (e.g. 
the Scottish Highlands) it is important to consider techniques that can take them into 
account.
This problem can be addressed using stated preference methods; contingent valuation 
(CV) and choice experiments, which are essentially means o f  eliciting a willingness 
to pay for an environmental change from a selection o f  the general public (Alberini 
& Kahn, 2006).
Aside from the ability to quantify non-use preferences, a considerable advantage in 
using a stated preference method is its flexibility relative to revealed preferences. 
Using a survey and appropriate devices such as photos and montages, one can simply 
construct hypothetical landscape scenarios around a specific landscape or its 
composite features and elicit direct statements o f  welfare (or willingness to pay).
This hypothetical nature is both a strength and a weakness, and a major issue in the 
design o f stated preference studies is the nature o f  what the respondent is asked to 
consider directly. .
In the UK and Ireland a range o f landscape types has been valued using stated 
preference approaches, mainly Environmentally Sensitive Areas. Bullock and Kay 
(1997) considered landscape change in the Southern Uplands in terms o f  heather and 
tree coverage as a result o f grazing intensity. Garrod & Willis (1995) and Willis & 
Garrod (1993) valued changes in the South Downs ESA and Yorkshire Dales ESA 
respectively. The first study considered traditional farming and historic features; the
222
second study asked respondents to choose and value their favourite landscape 
(abandoned, semi-intensive, planned, conserved, sporting and today’s) as depicted in 
photo-montages. Campbell (2007) applied a discrete-choice experiment to estimate 
the economic benefits associated with rural landscape improvements in Ireland, 
while Hanley et al. (2008) valued changes in woodland cover in two UK National 
Parks, the Trossachs and the Lake District.
While for some people placing a monetary value on environmental goods is morally 
unacceptable, it does allow individual members o f society to express their 
preferences for environmental goods such as landscapes in a convenient way that can 
then be taken account o f in the decision-making process. Indeed it has been argued 
that this monetary expression o f preference may in fact be the most effective way o f 
introducing an element o f social choice into economic development decisions 
(Garrod, 1996). As noted by Swanwick et al. (2007) while there are difficulties that 
arise in applying economic valuations to landscape, these can only be completely 
avoided by declining to apply these techniques altogether. N ot only would this fly in 
the face o f current practice, it would risk landscape issues being left out o f important 
decision-making processes.
It is also important to note that landscape is a good area for eliciting public 
preferences through valuation as it is within the experience o f respondents and o f 
relevance to them. By contrast, for complex ecological considerations where 
irreversible effects may occur, an expert led approach may be more appropriate.
34.4 Further research
It is not the role o f this research to consider the practical issues that would have to be 
tackled were the planning system to adopt such an approach on a broad scale. While 
it might be interesting to speculate on the resistance to what could be seen as an 
assault on ‘expert knowledge’ in the matters o f landscape planning, it is o f greater 
relevance to consider the key challenges in respect o f windfarms that will be faced
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by planning professionals in the next few years. This can then highlight important 
research needs in the field o f  landscape valuation.
While there is clearly an immediate need for primary landscape valuation studies to 
verify the actual disamenity impacts o f  windfarms, it would appear that for onshore 
wind, with increasing numbers o f  applications for windfarms in the areas o f  greatest 
potential, o f growing importance will be the issue o f cumulative landscape and visual 
impacts.
As mentioned in Chapter 5, guidance from Scottish Natural Heritage (2005) gives an 
example o f  two windfarms either side o f a valley, suggesting that taken together, the 
combined impact may be greater than the sum o f the two individual impacts. While 
intuitively it could be argued that the two together have an increased impact, it could 
be expected that there might in fact be a ‘diminishing marginal disutility’ in terms o f 
valuing the successive changes to the landscape.
While it has in fact been observed from previous studies that people experience 
diminishing marginal effects o f  both gains and losses (Kahneman and Tversky, 1979; 
Knetsch, 2007), there is as yet no evidence either way specific to wind farm 
installations. Undertaking research into cumulative impacts via landscape valuation 




Government, be it in Brussels, Westminster or Edinburgh, sets both the incentive 
mechanisms and targets for renewable energy, on the basis that the fonner should 
lead to the achievement o f the latter. However, there are a number o f socio-economic 
constraints specific to certain renewable energy technologies that threaten this 
assumption.
The core argument o f  this thesis is that a better understanding is needed o f these 
barriers to the development o f renewable energy in the UK, in order that targets can 
be achieved, and achieved in an efficient manner. This theme runs through all four 
papers, and in juxtaposing peremiial energy crops against wind power, illustrates the 
issues that affect renewable energy technologies (and associated inputs) at different 
stages in their development.
For perennial energy crops, which for fanners represent a novel crop with associated 
uncertainties, the investigation is essentially focused on private costs and benefits, 
from the farmer’s point o f  view. The research focuses on understanding how the 
theoretical benefits, in terms o f financial return, can most cost-effectively be realised, 
and how the real and perceived costs can best be tackled. A number o f key 
constraints are identified, and findings o f  clear policy relevance, which could help 
targets to be achieved at least cost, are presented.
For wind, from the private perspective, the benefits already outweigh the costs as can 
be seen from the large number o f planning applications that have been submitted by 
developers. The technology is proven and well understood, and the analysis is 
therefore on the wider societal costs and benefits. A framework for assessment is 
developed which illustrates the potential to deliver, from the societal perspective, a 
more cost-effective deployment o f onshore windpower in the UK
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A. 1.0 Postal Questionnaire
S A C *tusert i s f  lie'*
Sección 1: Inform ation about your farm business (By this n e m ean youi major 
holding)
Please circle or tick as appropriate.
1.1
1.2
I s >10111 farm ....
Please del; the bo:-: tba: rest 
des m bes too t tarn
Tenanted Owned entri ebr Partly tenanted ' -isrtlv owned
Specialist dairy □ Specialist cereals 3
Bee: and or sheep □ General creppxg (arable) 3
Pies and. or poultry □ Giber (please specify below) 3




What is die total area o: voot 
ferna
Which o: the foltarius
1.4 approximately describes yotsr 
farmland Dye
Hon- much o f yoor ram  income 
is from emiroiunental s±am es?  
How much o: you: total income is
1.5 made v.p from a e  Sinale Farm 
Payment
Please state hove many regular 
farm worhers. including family 




Less than 5 ° i  
Less than 40s b
Full rane










Around half M ire than lialf
□ Pattume
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Section 2: Current energy crop levels and future plans 
(Please circle or tick as appropriate)
2-1 Are you currently growing SRC 
W illow on your farm?
2-2 Are y ou currently growing 
Miscanthns on v o v j fa rm ?
Ko
Ko
If you rue currently' growing SRC W illow or Miscaothas. p le a s e  no to Q 2.2.
If you are not currently growing SRC W illow or Miscanthus please so  to Q 2.6
2.2 Please indicate ± e  cuireni area o f SRC 






2.4 Are vou intenchna to plant more SRC W illow  
on your farm in the net; 5 years ’
3 .; 3 . , 3 ,. □ 3
2.6 Are sun intending to plant more Kiscantbus ou 
your farm in  the next 5 years?








□  i Cfc







2.6 Are you intending to plant SRC Wrllotv on vtnrr 
farm :□ the next 5 years?
3 .; 3 . , =lD 3 , □ 3
2.7 Are vou intending to plant Mi sc an thus on vonr 
farm in the next 5 sears?
3.3 3 . , 3 o □  , □ 3
Plea re outline air.- change; that yon foresee to the area o f SRC W illow and or IvEscsniaus on year farm in the 
next :• years. If no relevant changes please leave blank
2 .8 Likely to cease 
production 
(tick i f  
applicable)
Likely increase in 
planted area (state as 
hectares)
Likely reduction o f  planted 
area (state as hectare;)
Likely to star 
production (state as 
hectares)
2.P SRC Willow a (ha) (aa) (aa)
2 .1 0  Miscantbns □ (ha) (ha) (aa)
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S ection  3: Short R otation  C oppice (SR C ) W illow
Statement Y en-
difficult
Difficult tinture Easy V e n ­
ia  tv
¿.1 How difficult would it be to stow SR.C Willow on 
your farai in the next J years? □ 3 . 3 3 3 .
How iaapMtanr are tie  following to you?






2 .2 Getting a iie h  gross margin non; farm activities □ 3 ; 3 . 3 3 -
2.3 Having a secure income from fawn activities 3 ; 3 , 3 , 3 3 ,
2.J C lo o sx g  activities tStrar f.t in with my auveuT
3.. "1 —1cropping plans md -J ' •J-l hI-
2.5 C lo o sx g  activities that give me greater stability 
of income 3 : 3 . 3 , 3< 3 .
2 .d C lo o sx g  activities for tv i ic l  fire paperwork is 
easy 3 3 j 3 . 3 , 3
2.7 Avoiding damage to field draxs 3 : 3 . 3 , 3 , 3 .
2.3 M axtaimns ibe flexibility o f  die farm business 3 . 3 . 3 j 3 -
¿ 0 H elpxg to tackle climate cnange tlrrongl farm 
activities 3 , 3 . 3 , 3 , 3<
2 .1 0 Grotr.ng energy crops for local or on-farm use 3 3 ; 3 . 3., 3
2.11 Knowing t ie  likely costs and. returns o f a farm 
activity
3 3 . 3 , 3 3 .
2 .1 2 ?_efiv.:xg eke r.me 1 spend on farming activities 3 3 ; 3 . 3 , 3 -
2 .1 2 Maxiaining a regular cashflow 3 , 3 , 3 , 3 , 3 -
Do von satee or disagree sviti t ie  followin’  statements?
Statement Strong]'-
Disagree
Disagree Unsure Agree Stronglv
Agree
2 .1 1 C lo o sx g  to plant (funner) SR.C Willow on my farm -j 
in t ie  next five years would be a good decision
3 . 3 . 3 3 ,
2.15 SRC W illow will give a l i g t  grass margin 3.3 3 : 3 : 3 l 3 .
2 . Id Growing SBC W illow to coairactsvill give me 
greater income security
3... 3 . 3 . 3 3 :
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Statement Strongly
Disagree Disagree Unsure Agree
Strongly
Agree
3.17 Growing SRC W illow Sts in with my cuireai
a..- 3.1 3 : 3 3 ,cropping plans
3.1S Growing SRC W illow to contra :t will give me
3... 3 . —1 —1 3 ;pester stataliiy o f xcom e •J: ■Jl
3.15> It is easy to do Lie paperwork required to grow SRC 
Willow to contra« 3 .; 3 . i 3 : 3 3 .
3.20 SRC W illow root; will damage field drams 3 . 3 3 ; 3 . 3 . i
3.21 Growing SRC W illow wifi reduce ± e  flexibildtv o f  
die fatai business
3 . 3 3 ; 3 . i 3 . ,
3. 22 Growing SRC W illow i; a Eood wav for farmers to 
help tackle climate change
3 . . 3 . 3 ; 3 3..
3.23 SRC WiUow could be a good source o f  energy for 
local or on-farm use a..- 3 . i
3 ; 3 i 3 ,
3.24 The likely costs end realms o f  SB.C W illow are easy 
to calculate
3 . i 3 . 3 ; 3 3 ;
3.23 Growing SRC is a good opportunity to reduce t ie  
time spent on farming acnriu.es
3.1 3 . i 3 : 3 : 3 i
3.2« Growing SRC W illow wJi disrupt my cashflow 3 ; 3 3 ; 3 . 3 . ,
3.27 People whose opinions I value think I should plan: 
SRC W illow on. m y farm in the next five years 3 . i 3 .: 3 : 3 : 3 i
Question Not at all 
confident






3.23 How cooifideiiT are you o f  being able to grow 
SRC W illow cm vain farm x  the next 5 rears!' 3 , i 3 . . 3 : 3 i 3 .
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Listed below are a n„ Tiber c; groups who night adv se cn whether or not you should grew SRC Willow cn ycur fam  
in the next live years?
Co you think trey won a apprcwe or disapprove of you growing SRC '.Villow'5
Stroud'’ Disapprove fu tu r e  Approve Scroiidv  
Disapprove__________________________________________ Approve
3.29 ranneri clubs 3 . 3 . 3 3 3
3.30 Esisrjsg SRC growers 3 . 3 . . 3 : 3 3
3.31 Otter fanners 3 . 3 . 3 3 3
3.32 SRC producer groups 3 . 3 .: 3 : 3 ; 3
3.33 Power companies 3 . 3 . 3 : 3 3
3.34 Farming press 3 . 3 . 3 ; 3 3
3.3 i Jefta 3 . 3 . 3 . 3 3
3.3d Biomass Energy Centre 3 . 3 . 3 } 3 3
3.37 MFU 3 . 3 . 3 ; 3 3
3.3S Agronomist 3 . 3 , 3 : 3 . 3
3.39 Own expeneace judgement 3 . 3 . 3 ; 3 3
3.40 Family 3 . 3 .: 3 : 3 : 3
3.41 Members o f  ± e  public 3 . 3 . 3 3 3
Section 4. Personal information and further farm business inform ation
4.1 A ie von
4.2 Id what year were you born?
4.3 Which o f these best describes 
your highest level o f  education?
4.4 j o  you sea yourself as a s early 
adopter o f technology us your 
area?
4.? Have vois identified a successor to
take over t ie  farm
4 0  To -.vitat entant are you involved
us businesses nus by farmers 
groups’
Please indicate the approximate 



























Break euen Moderate loss Si^  
loss
ant
4.9 Is your farm business iu debt? Nor at all Lightly Heavily
4.10
Approximately what prcoordcn 
o: your torsi annual farm costs are 
’fitted costs'






40? i 50“ c
Ouer
50“ « D on: know
4.11 m oons is obtaxed from fas farm 100“« About 75° ò About 50“« About 25“« Below 25°«
business
•Vou c you follow the acvice of the groups below n dec sing whether or nottc gre w perennia energy crops sue" as
bR ~ .Allow or Misoartlnus on your farri in t"e nest fve yea's"5
Very Unlikely Unsure Likely Highly
unlikkv likelv
4.12 Farmers clubs
d . d , d i d .
4.13 Fnsrmg SE.C VSscanibus growers d . 3 , d ,
4.14 Other tam ers □ d . d j d , d .
4.1Ô SFX Miscanthus producer groups Cl, d j d , d i d -
4. l i ?ower companies d . d.. d , d , d -
4.17 Farming press
d : d ; d , d , d s
4.13 Oefra d : d.. d , 3 i d .
4.19 3iona3ss Hnergy Centre
a , d i d . d , d ,
4.20 2-~FU s . d . d , 3 , d .
4.21 Agronomist Cl: d i d , d i d -
4.22 Own experience judgement Cl d i d , d , d i
4.23 Family d ; d . a , 3 , d .





Difficult Unsure Easy Verv
easv
5.1 How difficult would it bo to grow Miscaatlius cm ycoii 
firm  in the nest 5 years? 3 . a , 3r 3 .
Bo you agree or d isasee witii the following statements?
Statement Strongly
Disagree
Disagree Unsure Agree Strongly
Agree
5.2 Choosing to plant (further) ?-l:s;aatbus on my fernt 
x  the next five years would be a good decision 3 . 3 ; 3 3 ;
5.3 MiscanflLUS will give a nigh gross margx 3 . , 3 . 3 ; 3 . 3 ,
5.4 Growing Miscantbus to contraa will give me 
greater income security 3 . , 3 .
3 3 3 .
5.5 Growing Miscantlms f.ts in with, my current 
cropping plans 3 . .
3 . 3 . 3 3 ,
5.5 Growing Miscanthus to couirac: will give me 
greater stability o f xcom e
3 , . 3 . 3 3 3 ,
5.7 It is easy co do tne paperwork reanired to grow 
M iscantos ro contrac:
3 . , 3 .; 3 . 3 3 ,
5.S MLsc au tos  roors will damaee field drain.-: 3.. 3 3 ; 3 . 3 .;
5.9 Growing Miscanthus will reduce tie  flembility o f  
tire fanu bnsiuess 3 : 3 : 3 : 3-s 3...
5.10 Growing Miscantbas is a good way for farmers to 
beip tackle climate cliauge 3.3 3 . 3 : 3 3 ;
5.11 M iscautos could be a good source o f energy for 
trcal or on-farm use 3 .; 3 . L 3 :
3 3 .
5.12 The likely costs audrenims o f  Miscanflms are easy 
to calculate 3.3 3 . 3 ;
3 : 3 :
5.13 Growing M iscautos is a good opportunity to 
reduce die dme spent cm fanning activities 3 .;
3 3 : 3 : 3 .
5.14 Growing ?.liscanthus will disrapt my casiiflow 3.. 3 3 ; 3 . 3...
5.15 Pecple whose opinio-ns I value m ini I should plant 
M iscantos on my fana in the nerrt five years
3.3 3 .; 3 ; 3 3 ,
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Listed below are a r,„ nber c'groups .'-ho night advse cn whether op not yog should grow (.'¡scant"„5 cn yeurfam  
in :he next fire years;
Q? you think t~ey vi*oj a approve cr disapprore of you growing (.'¡scant-^s?
Strongly
Disapprove
Disapprove Unsure Approve Strongly
Approve
o ld F arrears clues 3 .; 3 . 3 : 3 3 :
5.17 Eracrxg MUcaudms growers 3 . . 3 .; 3 ; 3 ; 3 ;
5.18 Odiar fanners 3... 3 . 3 ; 3 3 .
5.19 MUcantlsas producer groups 3... 3.1 3 : 3 ; 3 .
5.20 Power companies 3... 3 . 3 ; 3 3 ,
5.21 Farming press 3 .j 3 , 3 : 3 3 ,
5 22 Defra 3... 3 . 3 : 3 3 .
5.23 Biomass Energy Cerca 3 . 3 . 3 ; 3 3 .
5.2J NFL" 3... 3 . 3 : 3 ; 3 .
5.25 Agronomist 3 . , 3 . 3 ; 3 □ j
5.2d Own experience judgement 3... 3 . 3 ; 3 3 ;
5.27 Family 3 . , 3 .. 3 ; 3 3 .
5.2S Members o f  tta public 3 .; 3 . . 3 : 3 3..








5.29 How c cxnfidaiiT are you o f  b ex g  able to grow
Miscauflms on your farm x  ± a  next 5 years? □  , 3 ; 3 ; 3 .
S e c tio n  6: C o m m e n ts
Please feel free to add any comments
F c i further m ibxmation on  this research v is it •■•■•v.ur tsec-brosrc r :  tils
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T h e r e  a r e  a  n u m b e r  o f  e s t im a t e s  o f  t h e  la n d  a r e a  t h a t  c o u ld  p o t e n t i a l l y  b e  d e d i c a t e d  t o  p e r e n n ia l  e n e r g y  
c r o p s  s u c h  a s  s h o r t  r o t a t i o n  c o p p ic e  (S R C ) w i l l o w  a n d  m i s c a n t h u s  i n  t h e  U K ,  b u t  l i t t l e  i s  k n o w n  a b o u t  
h o w  f a r m e r s  w i l l  r e s p o n d  t o  t h e  o p p o r t u n i t i e s  p r e s e n t e d  b y  t h e s e  r e l a t i v e l y  n o v e l  c r o p s .  P e r e n n ia l  
e n e r g y  c r o p s  fa c e  c o m p e t i t i o n  f r o m  o t h e r ,  a r g u a b l y  m o r e  f l e x ib l e ,  u s e s  o f  f a r m l a n d ,  a n d  i f  n o t  s e e n  a s  
a t t r a c t i v e  p r o p o s i t i o n s  t o  i n d i v i d u a l  f a r m e r s ,  t h e y  w i l l  n o t  b e  g r o w n .  F a r m e r s '  d e c is io n s  a r e  t h e r e f o r e  a 
k e y  c o n s t r a i n t  o n  p o t e n t i a l  s u p p ly .  T h i s  p a p e r  r e v ie w s  t h e  p o l i c y  b a c k g r o u n d  a n d  c o n s id e r s  w h e t h e r  
p o l i c y  i s  b a s e d  o n  a n y  c o n s id e r a t i o n  o f  l i k e l y  s u p p l y  r e s p o n s e ,  b e f o r e  p r e s e n t i n g  o u t c o m e s  o f  f o c u s  
g r o u p s  c o m p o s e d  o f  f a r m e r s  w h o  a l r e a d y  g r o w  o r  a r e  c o n s id e r i n g  g r o w i n g  p e r e n n ia l  e n e r g y  c r o p s .  
T h e r e  a p p e a r  t o  b e  a  n u m b e r  o f  b a r r i e r s  t o  a d o p t i o n .  I n  a d d i t i o n  t o  c o n c e r n s  o v e r  t h e  s e c u r i t y  o f  
c o n t r a c t s ,  t h e  c u r r e n t  h ig h  w h e a t  p r i c e  in c r e a s e s  t h e  o p p o r t u n i t y  c o s t  o f  c o m m i t t i n g  l a n d  t o  p e r e n n ia l  
e n e r g y  c r o p s .  T h e r e  a r e  a ls o  w o r r i e s  a b o u t  t h e  i m p a c t  o f  w i l l o w  r o o t s  o n  f i e l d  d r a in s  a n d  t h e  c o s t  o f  
r e t u r n i n g  t h e  l a n d  t o  o t h e r  u s e s .  T h is  p a p e r  o u t l i n e s  a  n u m b e r  o f  is s u e s  o f  i m p o r t a n c e  t o  p o l i c y  m a k e r s  
a n d  s u g g e s t s  f u t u r e  r e s e a r c h  n e e d s .
©  2 0 0 8  E ls e v ie r  L t d .  A l l  r i g h t s  r e s e r v e d .
I. Introduction
The tw in concerns o f c lim ate  change and energy security  have 
increased a tten tio n  on renew able  energy. In th e  UK, these factors 
have combined w ith  an agricu ltu ra l reform  process that has 
highlighted th e  need  for farm ers to diversify away from 
traditionally su p p o rted  a rab le  and  livestock products. Accordingly, 
the UK G overnm ent has in recen t years dem onstrated  an 
increasing en th u siasm  for th e  use of biom ass as a source of 
electricity, heat and tran sp o rt fuel. The UK Biomass Strategy 
(Defra, 2007a) s ta te s  th e  G overnm ent’s in ten tion  to bring about a 
major expansion in b o th  th e  supp ly  and use o f biom ass in the  UK, 
indicating th a t b iom ass will have a central role to play in m eeting 
the EU target o f 20% renew ab le  energy by 2020 (Defra, 2007a).
While the UK Biom ass Strategy proposes an increase in the use 
of biomass for heat, e lectricity  and biofuels, beyond acknowl- 
edging the 10% m in im u m  share  o f biofuels targe t for 2020 
(Council of the  European Union, 2007) it does not include specific 
targets for particu lar feedstocks o r end uses. It does, however, 
outline w hat th e  UK G overnm ent considers to be the potential UK 
supply of biom ass feedstocks u p  to 2020.
'C o r re s p o n d in g  a u th o r .  T e l. :  + 4 4 1 3 1  5 3 5 4 1 9 8 :  f a x :  + 4 4 1 3 1 6 6 7 2 6 0 1 .  
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This paper will argue th a t for perennial energy crop feedstocks 
such as short rotation coppice (SRC) w illow  and m iscanthus, the 
likely level of supply will be considerably below  the theoretical 
potential unless a num ber o f barriers to their adoption by farm ers 
are overcome.
The paper adds to a growing literature on perennial energy 
crops and the developm ent of biom ass energy in the UK, Europe 
and beyond (Rosenqvist and Dawson, 2005; Skylte e t ah, 2006; 
Charles e t al„ 2007). W hile there  has been m uch focus on techno- 
econom ic aspects and theoretical supply chain potential (Ander­
sen e t al„ 2005; Ericsson and Nilsson, 2006; Styles and Jones, 
2007), broad stakeholder opinion (Upham and Speakman, 2007), 
and w ider public policy implications (Charles e t al„ 2007), 
relatively little is known about how individual fanners will 
choose to respond to the opportunities presented  by these 
relatively novel crops. Strawson (2005), w riting from the 
perspective of a fan n er w ith land already com m itted to SRC 
willow, and a t a tim e w hen returns from alternative activities 
w ere m uch lower th an  a t present, offers a relatively upbeat 
assessm ent of the  potential attractiveness of the  crop. However, in 
the context of a significant and ongoing global rise in the  price of 
agricultural com m odities such as w heat (FAO, 2007), a changing 
agricultural policy landscape in the EU (European Commission
2007), and a UK renewable energy suppoit m echanism  th a t is 
under review (DTI, 2007a), it is im portant to gam an up-to-date
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u n d e rs tan d in g  o f fa rm ers’ a ttitu d e s  and  behavioural in ten tio n s 
to w ards th e  ad op tion  o f perenn ial energy  crops.
The p ap er is s tru c tu red  as follows. The n ex t section  ou tlines 
th e  fram ew ork  for considering  farm -level constra in ts, an d  is 
fo llow ed by an  in tro d u c tio n  to  UK b iom ass resources. A n u m b er of 
e stim a te s  o f  th e  theo re tical po ten tia l o f perennial energy  crops are 
d iscussed, and  com pared  w ith  th e  recen t level o f adoption . There 
follow s an  o u tline  o f th e  policies in ten d ed  to  s tim u la te  th e  u se  of 
b iom ass in th e  energy  m ix, along w ith  de ta ils  o f farm -level 
su p p o rt for th e  cu ltivation  of perenn ial energy  crops. The resu lts  
o f a series o f focus groups w ith  fa rm ers d iscussing  adop tion  of 
perenn ial energy  crops a re  th en  ou tlined , w ith  considera tion  of 
th e  im plications o f th e  findings for policy m akers.
2. Framework for considering farm -level constraints on the 
adoption o f perennial energy crops
Perennial energy  crops can be considered  as a  novel en te rp rise  
for UK farm ers bo th  in te rm s o f th e ir  cultivation , and in th e ir  
p osition  a t th e  in te rface  b e tw een  agricu ltu ra l and  energy  policy. 
This b rings a g rea te r n u m b er o f u n certa in tie s  th an  ex ist w ith  
conventional agricu ltu ra l activ ities. Several a u th o rs  have argued 
th a t u n certa in ty  is a  key b a rrie r  to  th e  successful up take  of 
em erg ing  renew ab le  technolog ies such as b ioenergy  (Kemp e t al., 
1998; Foxon e t  al., 2005), p rincipally  because  it h inders the  
fu lfilm ent o f en trep ren eu ria l activ ities (Jacobsson and  Bergek,
2004). In o rd er for en trep ren eu rs  to  act, m otiva tion  need s to 
ou tw eigh  perceived uncerta in ty . Therefore, iden tify ing  d o m in an t 
sources o f u n c erta in ty  can deliver valuab le  insigh ts for policy 
m akers (M eijer e t al., 2007).
In add ition , m any  system s such  as energy  and agricu ltu re  are 
ch aracterised  by lock in and  resistance  to  change (U nruh, 2000), 
th ro u g h  technological, in stitu tio n a l and social p a th  dependency, 
re su ltin g  in  a varie ty  o f b a rrie rs for n ew  innovations such  as 
energy  crops and  b ioenergy  (van d e r  Laak e t al., 2007). M uch w ork 
has been  done  in th e  field o f S trategic N iche M anagem en t (SNM) 
to  identify  w h a t m akes for a successful innovation , o r to explain 
th e  fa ilu re  o f  o th e r innovations (van de r Laak e t al., 2007; Raven,
2005). The level o f analysis in SNM is typically  a series o f p ro jects 
such  as p ilo t p lan ts and  d em o n stra tio n  p lan ts, covering  a 
su b stan tia l n u m b er o f p rojects over periods up to 30 years. This 
y ields useful in sig h ts for policy m akers, and em p hasises th e  
im po rtan ce  of sh ap in g  ex pecta tions o f  stakeho lders , bu ild ing  
social netw orks, and  o f  a good learn ing  process (van d e r Laak 
e t al., 2007). In add ition , lessons for policy m akers can be d raw n 
from  research  in to  technological innovation  in th e  energy  sector. A 
key in sig h t h e re  is th a t  iden tify ing  m ark e t b a rrie rs  th a t  s tan d  in 
th e  w ay of w id esp read  im p lem en ta tio n  of n ew  technologies, and 
th en  design ing  w ays to  overcom e these , w h ile  concurren tly  
enhan c in g  learn ing  gains, are  crucial to successful energy 
innovation  (Sagar and  van d e r Zwaan, 2006).
Thus th e  iden tification  o f b a rrie rs  to  fa rm er adop tion  of 
p e ren n ial energy  crops, and  ho w  th ese  m ay  be  overcom e is o f 
key im p o rtan ce  to policy m akers in te n t on a significant increase  in 
th e  u se  o f b ioenergy  in th e  UK.
For th is  study, th e  Theory  o f R easoned Action (TORA) (Ajzen 
and  Fishbein, 1980) an d  its ex tension  th e  Theory  of P lanned 
B ehaviour (TPB) (Ajzen, 1991) prov ide th e  conceptual fram ew ork  
for exploring fa rm ers’ a ttitu d e s  and  in ten tio n s in  resp ec t o f  th e  
ad o p tio n  o f perenn ial energy  crops. Both th eo ries  have been  
w id e ly  used  in ag ricu ltu ra l research  to  u n d e rs tan d  b a rrie rs and 
drivers to  th e  ad o p tio n  o f n ew  technolog ies and  p ractices 
(G arforth  e t  al., 20 0 4 ; Beedell and Rehm an, 2000) and  to  e s tim a te  
th e  likely scale o f ad o p tio n  o f p a rticu la r activ ities (M attison  and 
Norris, 2007).
The first s tage  of th e  research  involves using  focus groups to 
g a th e r a range o f s ta tem en ts  from  farm ers relating  to their 
a ttitu d es  to  th e  ad op tion  o f perenn ial energy crops. It is the 
findings from  th is first stage th a t are  rep o rted  in th is paper.
3. Potential biom ass resources in the UK
There a re  a n u m b er o f possib le  sources o f b iom ass for energy 
in th e  UK, including forestry, w ood  w aste , conventional agricul­
tu ral crops such as w h e a t and oilseed rape, straw , perennial 
energy  crops, and agricu ltu ra l w aste  (RCEP, 2004: Defra, 2007a),
To increase  available biom ass, Defra (2007a) favours obtaining 
an add itional 1 m illion dry  to n n es o f w ood  per annum  from 
w ood land  and  w ood w aste , m ore use  o f m an u res and slurries, and 
a su b stan tia l g row th  in up take  o f perennial energy crops 
such as SRC w illow  and  m iscan thus. Of th ese  sources, it is the 
an tic ip a ted  change in levels o f perennial energy  crops that 
is m ost dram atic . The technical po ten tial o f energy crops is 
estim a ted  to  be 17.2T W h1 (1.48 M toe),2 w h ile  cu rren t availability 
is 0 .07 -0 .09  M toe (Defra, 2007a). Such an increase would 
rep re sen t an  a lm o st 20-foid increase  in th e  level o f supply, albeit 
from  a  low  level.
To reach  th e  technical po ten tial o f perennial energy crops by 
2020 (Defra, 2007a), w ould  requ ire  350 ,000  h ectares (ha) of land, 
w hich  is roughly 6.5% of UK arab le  and se t-as id e  land, assuming 
an average annual yield o f 9 o d t/h a 3 (Defra, 2007a). The Renew­
ables Innovation Review (DTI, 2 003b) suggests th is is a realistic 
area once a n u m b er o f constrain ts, includ ing  com petition from 
o th e r m arkets, are  taken  in to  account.
Defra expecta tions for perennial energy  crops a re  somewhat 
low er th an  proposals from  th e  Royal Com m ission on Environ­
m enta l Pollu tion  (RCEP) b iom ass re p o rt (RCEP, 2004). Focusing on 
th e  po ten tial co n tribu tion  of b iom ass tow ards a 60% reduction in 
UK C02 em issions by  2050  (RCEP, 2000), it recom m ends that by 
2050  up  to  16 G igaw atts (ab o u t 12%) of UK energy  should come 
from  biom ass. To supply  this, ab o u t 70 m illion tonnes of wood 
w ould  b e  requ ired  per year. If derived from  energy  crops at an 
assum ed  average y ield  o f 1 0 od t/ha /y r, th is w ould need 7 million 
hectares.
However, a ssum ing  th e  availability  o f a certa in  amount of 
fo restry  m ateria l and straw , a scenario  is ou tlined  w here  the land 
requ ired  for energy  crops w ould  rise from  1 m illion  hectares in 
2020  to  5.5 m illion hec tares  in 2050  (RCEP, 2004).
O ther e stim a te s include an assum ption  by th e  Carbon Trust 
(2005) th a t 680 ,000 ha (roughly  equal to se t-aside) could be 
available fo r w oody  energy  crops. This s tu d y  no tes th a t estimates 
o f th e  land a rea  th a t  could be  used  for energy  crops vary greatly, 
em phasising  th e  so m ew h a t a rb itra ry  n a tu re  o f  th e ir  assumption 
(Carbon Trust, 2005).
The key featu re  o f all th ese  e stim a te s  is th e  assum ptions about 
fa rm er behaviour. They tak e  for g ran ted  th a t  sufficient farmers 
w ill choose to  g row  perenn ial crops up  to  th e  level of the 
co n stra in ts th a t  they  identify. However, th is assum ption  does not 
seem  to be su p p o rted  by experience to  date.
Defra’s Energy Crops Schem e, w h ich  provides establishment 
gran ts for SRC w illow  and  m iscan thus, along w ith  support for 
developing SRC p ro d u cer g roups, had  a n u m b er o f objectives for 
th e  first period  o f th e  English Rural D evelopm ent Programme 
(ERDP) (2 0 0 0 -2 0 0 6 ). These included th e  planting, by 2005, of 
16,700 h a  of SRC and  5000  ha of m iscan th u s in England (ADAS, 
2003). W hen  th e  schem e closed to  app lications, in July 2006, only
1 T e r r a w a t t  h o u r s  ( o n e  t e r r a w a t t  is  a t r i l l i o n ,  o r  1 0 12W ) .
2 M i l l i o n  to n n e s  o f  o i l  e q u iv a le n t .
3 O v e n  d r ie d  to n n e s .
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1180 ha of SRC and  3356 ha of m iscanthus had been planted 
(Defra, 2006a), rep resen tin g  20% of the  targe t level. This does, 
however, m ark  an im provem ent over the  uptake by the  half-way 
point in 2003, w h e re  only 2% of th e  SRC targe t and 3% of the 
miscanthus ta rg e t had  been  p lan ted  (ADAS, 2003).
More recently, there  lias been  an  increase in in te rest in the 
payments, w ith  app lications for planting  in 2007 due to  take the  
area of m iscan th u s to 12,627 ha, and SRC to 2600 ha in England 
(Defra, 2006a).
In Scotland, th e  area p lan ted  or approved for p lanting up until 
the end of 2006  is 300 ha. C urrent applications for planting in 
2007 and 2008  a m o u n t to around  600 ha (SAC, 2007). In Northern 
Ireland, 4 0 0  ha of SRC have been  p lan ted  or approved for planting 
to date, and a fu rth e r 410 ha have been approved for the 2007 
planting y ear (DARDNI, 2007), w hile  in W ales there is currently  
40 ha of SRC and 72 ha of m iscan thus (W elsh Assembly Govern­
ment, 2007).
The cu rren t to ta l area o f energy crops in the  UK is 15,546 ha for 
SRC w illow  and  m iscan thus com bined (Defra, 2007a).
4. Policies intended to stim ulate the use o f biomass in the UI< 
energy mix
4.1. Renewables Obligation
The Renew ables Obligation (RO) is the  UK G overnm ent's key 
policy m echan ism  for increasing  th e  p roportion  o f electricity 
derived from  renew able  sources. U nder the schem e, there  is a 
mandatory req u irem en t for UK electricity  suppliers to source a 
growing percen tage  of electricity  from  eligible renew able genera­
tion capacity. Suppliers are required  to  produce evidence of their 
compliance w ith  th is obligation to  th e  office of gas and electricity 
markets (OFGEM). Evidence can be via certificates, referred to as 
Renewable O bligation Certificates (ROCs), w hich are currently 
worth approxim ately  £47/M W h (NFPA, 2007).The targe t is 10% of 
UK electricity from  renew able  sources by 2010, w ith  an aspiration 
to reach 20% by 2020 (DTI, 2007a). W hen introduced in 2002, 
there was deb ate  as to  w h e th e r co-firing of energy crops4 w ith 
coal should be  eligible for receiving ROCs. It was decided th a t co­
firing should be eligible, in o rder to stim ulate  th e  developm ent of 
energy crop supply  chains (DTI, 2006b, Ilex Energy Consulting, 
2003), b u t w ith  restric tions, in tended  to p reven t co-firing 
swamping th e  m arket for ROCs. A 25% cap w as placed on the 
proportion of a supp lier 's  obligation th a t could be m et from co­
fired ROCs; from  2006  a t least 75% of th e  biom ass m ust be  from 
energy crops; and co-firing w ould cease to  be eligible by 2011.
However, th e  m ajority  o f co-firing has been of im ported bio­
wastes such as olive p its and palm  kernels (1PA Consulting, 2006), 
while energy crops rep re sen t less th an  0.3% by w eight o f all co­
fired biomass.
In 2003, The R enew ables O bligation (A m endm ent) Order 
Statutory C onsultation  no ted  th a t m inim al p lanting of energy 
crops had taken  place, w ith  industry  arguing th a t this was in part 
hue to overly restric tive  rules on co-firing in the  Obligation; in 
Particular th a t  co-firing should  be perm itted  only until 2011 (DTI, 
2003a). It w as therefore  recom m ended  th a t the requirem ent to 
co-fire a p roportion  o f energy crops should be delayed from  2006
4 A n  e n e r g y  c r o p  a s  c u r r e n t l y  d e f in e d  b y  t h e  o f f ic e  o f  g a s  a n d  e le c t r ic i t y  
m arkets (O F G E M ) is  a  p la n t  c r o p  p la n te d  a f t e r  31  D e c e m b e r  1 9 8 9  g r o w n  p r im a r i l y  
for th e  p u r p o s e  o f  b e in g  a  fu e l  o r  w h i c h  is  e i t h e r  m is c a n th u s .  SRC w i l l o w  o r  SRC 
poplar (O F G E M , 2 0 0 7 ) .  T h u s  a n n u a l  c ro p s  s u c h  a s  w h e a t  a n d  ra p e s e e d  c a n  b e  c o -  
foed as e n e r g y  c r o p s  as lo n g  as th e y  a re  g r o w n  s p e c i f ic a l ly  f o r  th e  p u rp o s e . 
H ow ever w i t h i n  t h e  R O  th e  fo c u s  f o r  c o - f i r in g  h a s  b e e n  o n  SRC w i l l o w  o r  
W s c a n th u s  ( I le x  E n e rg y  C o n s u l t in g ,  2 0 0 3 ) .
to 2009 to allow  m ore tim e for p lan ting  and cropping (DTI, 
2003a).
In addition, th e  da te  for co-firing to  be phased  o u t o f  th e  RO 
was postponed until 2016, and th e  energy crop requ irem en ts w ere 
relaxed (25% requirem ent in 2009, 50% in 2010 and 75% in 2011). 
M eanwhile the overall cap on co-firing w as reduced (10% from 
2006 and 5% from  2011) (DTI, 2006a).
The proposed changes w ere in tended  to  enable th e  creation  of 
a m arket for energy crops o f up to 680,000 od t p e r annum , 
generating 1.26TWh per annum , th is being 75% of th e  5% of th e  
Obligation in the period 2011-16 (DTI, 2003a). By am ending  the  
s ta rt and end-dates for energy crop co-firing, it w as in tended  to 
allow  farm ers th ree  full cropping cycles for SRC plan ted  in th e  
spring of 2005 m aking this a  m uch m ore a ttractive  option  in 
term s of establishing a m arke t for energy crops (DTI, 2003a).
It was, however, argued a t th e  tim e th a t ex tending the  
eligibility o f co-firing w ould no t provide the  necessary  stim ulus 
to energy crop developm ent, and th a t co-firing w ould likely 
displace investm ent in specialist energy crop com bustion  p lan ts 
(Campbell Carr, 2003).
In th e  run up to th e  in troduction  of th e  10% cap in April 2006, a 
num ber of concerns w ere  raised abou t a 'cliff-edge' in co-fired 
ROC prices. This w as cited as a reason w hy in d ependen t 
generators, in particular, had failed to  sign up to long-term  supply 
contracts w ith  farm ers (Poyry Energy Consulting, 2006). In 
addition, the im pending low ering o f the  cap raised concerns 
about reducing the contribution  of co-firing to  th e  aba tem en t of 
C02 em issions from  fossil fuel plant. W ith th e  G overnm ent 
considering electricity generation  from coal likely to rem ain  an 
im portant p a rt of the  overall generating  mix, it w as considered 
appropriate  to abate carbon em issions from coal fired p lan t as 
m uch as possible (DTI, 2006b). A report com m issioned by th e  UK 
Governm ent (Them ba Technology, 2006) found th a t greenhouse 
gas (GHG) em ission reductions from  co-firing can be substan tia l 
for a very w ide range of biom ass fuels, w h e th er UK-based or 
im ported, and including both biom ass residues and energy crop 
feedstocks (DTI, 2006b).
The report also found th a t w aste  or co-product m aterials tend  
to have low er GHG em issions per un it of energy over their 
lifecycle than  dedicated energy crops (Them ba Technology, 2006), 
leading to calls for a removal of governm ent subsidies for 
dedicated energy crops along w ith  the  m inim um  requirem ent 
for energy crops as p a rt of the  co-firing cap (Scottish and Southern 
Energy, 2006). This position has no t gone unchallenged; a critique 
of the Them ba report has argued th a t a num ber o f assum ptions 
lead to a significant underestim ate  of th e  susta inab ility  benefits 
derived from energy crops, particularly  SRC (Aiker and  Miller,
2006).
As a resu lt of the  Them ba analysis, and follow ing stakeho lder 
consultation, the  Governm ent announced in the  Energy Review 
Report th a t co-firing should be encouraged to play a long-term  
role in reducing the carbon em issions from fossil fuel p lants (DTI, 
2006b). Thus, there  has been a change in em phasis from co-firing 
being necessary to bring on the  developm ent o f energy crops, to 
co-firing itself being an im portan t source of reducing carbon 
emissions.
A further am endm en t to  the  RO has m ean t th a t since April 
2007, ROCs aw arded for th e  co-firing of energy crops do not 
contribute to a supplier’s 10% co-firing lim it (DTI, 2007a). It w as 
argued th a t this w ould create an additional m arket for energy 
crops and so rem ove the  need for the  m inim um  energy crop 
percentages th a t w ould have been required from  2009 onw ards 
(Lords Hansard, 2007). However, th is has been m et w ith  
scepticism  and disapproval from a num ber of represen tatives of 
suppliers of energy crop feedstocks (C ountiy Land and Business 
Association, 2006; Bical, 2006).
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At p re sen t th e  RO is 'technology  n e u tra l’, aw ard ing  ROCs for 
every  MW h of e lectricity  p roduced  from  any eligible renew able  
source. This is sub ject to  change follow ing a co n su lta tion  w h e re  it 
is p roposed  th a t  ‘b and ing’ be  in troduced  from  April 2009 to  
provide varying levels o f su p p o rt to  d ifferen t technologies. This is 
to  encourage a g rea te r d iversity  o f renew ab le  technologies and 
give g rea te r su p p o rt for th o se  technolog ies th a t  a re  cu rren tly  less 
cost-effective. U nder th e  am en d ed  Obligation, th e  cap on co-firing 
w ill be  rem oved, 1 ROC w ill be aw arded for every M W h from  co­
firing energy  crops, w h ile  2 ROCs w ill b e  aw arded  for every MWh 
from  energy  crops in ded icated  b iom ass b u rn e rs  o r in  com bined 
h e a t and  p ow er (CHP) (DTI, 2007a). Co-firing of regu lar (non­
energy  crop) biom ass, considered  an estab lished  technology, will 
receive a reduced  level o f  su p p o rt o f 0.25 ROCs p e r MWh.
It is un c lear w h e th e r  th ese  changes will provide sufficient 
s tim u lus for th e  dev elo p m en t o f a dom estic  supply  of SRC and 
m iscan thus. It is argued  by th e  National Farm ers’ U nion (NFU) of 
England and W ales th a t th e  m in im um  percen tage  req u irem en t for 
energy crops is th e  m o st effective w ay  to  c rea te  long-term  
dem and, and  th a t relying on  differential ROC b an d in g  provides a 
less secure  m ark e t and th u s  less incentive fo r farm ers to  p lan t a 
long-te rm  crop (NFU, 2006).
A fu rth e r qu estio n  is w h e th e r  energy crops used  for co-firing o r 
in ded icated  p lan t w ill actually  be SRC w illow  and  m iscan thus, as 
th e  precise  conditions requ ired  for a crop to  co u n t as an energy 
crop u n d e r th e  OFGEM defin ition  are  still sub ject to  som e 
uncerta in ty  (Rosillo-Calle an d  Perry, 2006).
The NFU is keen  th a t  th e  OFGEM defin ition  o f energy  crops 
should  n o t re stric t th e  use  o f annual crops, and  th ey  argue th a t it 
is absu rd  th a t a crop used  to  p roduce biofuel u n d e r  th e  Renew able 
T ransport Fuels O bligation (RTFO) could  have its co-p roduct 
classified as n o t being  an  energy  crop u n d e r th e  RO if  evidence 
w as no t available to  d em o n s tra te  th a t  it w as alw ays in ten d ed  for 
energy  use  (NFU, 2006). Scottish Pow er believe th e  defin ition  o f 
energy  crops should  be  ex ten d ed  to include all energy  crop types 
such  as w h ea t and  o th e r grains (Scottish Power, 2006).
Indeed, a DTI rep o rt suggests th a t  w h ile  m o st energy  crops 
p lan ted  are  SRC and  m iscan thus, ’fu tu re  expansion  w ill probably  
occur w ith  an n u al crops, w hich  have th e  advantage o f being  m uch 
m ore  com patib le  w ith  agricu ltu ral p ractices an d  are  finding 
considerab le  favour w ith  fa rm ers/g ro w ers’ (DTI, 2007b).
As far as th e  RO is concerned, i t  does a p p ea r th a t  d esp ite  the  
recen t band ing  proposals, th e  d ev elopm en t o f supp ly  chains for 
m iscan thus and  SRC willow , once a key aim  w ith in  th e  RO, has 
becom e a low er priority.
4.2. Climate change levy
In add ition  to fund ing  received th ro u g h  th e  RO, generato rs of 
renew ab le  energy  receive a levy exem ption  certificate  (LEC) from  
th e  C lim ate Change Levy (CCL) for each M W h of renew able  
e lectricity  p roduced. This provides an  additional, a lbe it sm aller, 
revenue  stream  of £4.3/M W h, a lthough  th e  a m o u n t received by 
th e  g en era to r is su b jec t to  a  su p p lie r m arg in  and  is typically  low er 
th an  th is (Carbon Trust, 2006).
4.3. European Union Emissions Trading Scheme
The European Union E m issions T rading Schem e (EU-ETS) also 
provides a source o f incom e w h ereby  th e  use  o f b iom ass can 
co u n t as an em issions saving for in sta lla tions tak ing  p a rt in th e  
schem e. The value o f th e  carbon savings varies w ith  th e  em issions 
cap and level o f com pliance, b u t w ill im prove th e  cost-effective­
ness o f m easu res such  as sw itch ing  to b iom ass heating  in
industria l u n its  or co-firing in fossil fuel p lan ts  (Rosillo-Calle 
and Perry, 2006).
4.4. Renewable Transport Fuel Obligation
The RTFO is due  to  com m ence in April 2008, and w ill require 
suppliers o f tran sp o rt fuels to  ensu re  th a t  a certa in  proportion is 
derived from  renew able  sources such  as biofuels. The level of the 
RTFO will reach  5% by vo lum e by 2010, w ith  the  obligation levels 
in th e  years 2008 /09  and 2009/10 se t a t 2.5% and 3.75%, 
respectively  (D ep artm en t for T ransport, 2007).
It is suggested  th a t th e  targ e ts  w ill be m et bo th  by im ports and 
a p roportion  o f dom estically  g row n w h e a t and oilseed  rape (Defra, 
2007a). If m ore  efficient second genera tion  biofuels derived from 
w oody crops becom e available by 2020, as is expected  by Defra 
(2007a), th is could provide a s tim u lus for SRC w illow  and 
m iscan thus production.
5. Current support for fanners growing dedicated energy 
crops
A n u m b er o f gran ts have been  available to  farm ers throughout 
th e  UK for th e  e stab lish m en t of SRC w illow  an d  m iscan thus with 
an energy  end use  in m ind.
In England, th e  Energy Crops Schem e (ECS) under the 
2 0 0 0 -2 0 0 6  England Rural D evelopm ent P rogram m e (ERDP) 
offered £1000/ha for SRC w illow  and £920 /ha  for miscanthus. 
This schem e closed to  app lican ts in th e  su m m er o f 2006, but a 
n ew  ECS, offering estab lish m en t g ran ts only, w ill be available 
u n d e r th e  Rural D evelopm ent Program m e for England (RDPE) 
2007-2013 . This has now  opened  for app lications a lthough  grants 
are n o t curren tly  available as th e  European Com m ission has yet to 
approve th e  RDPE (N atural England, 2007).
In Scotland, SRC w illow  has been  eligible for paym ents of 
£1000 /ha  u n d e r th e  Scottish Forestry G rants Schem e. Applications 
for th is schem e closed in D ecem ber 2006. The level o f funding and 
o th e r details o f th e  n ew  Scottish Forestry G rant Schem e remain 
d ep en d en t on th e  ou tcom e of th e  UK’s d iscussions w ith  Brussels 
over the  Rural D evelopm ent P rogram m e (SAC, 2007).
In W ales an  estab lish m en t g ran t for SRC w illow  has been 
available to landow ners th ro u g h  th e  Forestry Commission 
ad m in istered  W oodland G rant Schem e, b u t a t only £600/ha, the 
g ran ts levels a re  considerab ly  low er th an  those  available else­
w here. This schem e closed to  n ew  applican ts in 2006, and no 
m ore estab lish m en t g ran ts a re  available for SRC a t p resen t (Wales 
Biomass Centre, 2007).
In N orthern  Ireland, a 3 y ear Challenge Fund w as established 
for SRC w illow  in 2004. The average ra te  o f assistance  is £1920/ha. 
\T h e  Fund has now  closed to  n ew  applicants, b u t a successor 
p rogram m e of su p p o rt for th e  con tinued  d ev elopm en t of SRC 
w illow  is being so u g h t (DARDNI, 2007).
In addition , since 2004  paym en ts to  landow ners o f up to £45/ 
h a  (depend ing  on the  up take  o f th e  schem e across th e  EU) have 
b een  offered th ro u g h  th e  CAP u n d e r th e  Energy Crop Aid Scheme 
for energy  crops (including conventional crops such as w heat and 
o ilseed) th a t a re  no t grow n on set-aside, w hich  have an  end-user 
contract, and  w hich  provide a security  deposit o f €60/ha (RPA,
2007).
6. Focus group m ethodology
A gainst th is  background o f fa rm er uncertain ty , and as the first 
stage in  a tw o  p a r t Theory o f P lanned Behaviour (TPB) study 
(Ajzen, 1991), th is s tu d y  considered  th e  range o f potential
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attitudes using  a focus group approach. Focus groups are 
distinguished from  o th er m ethods o f group interview ing, such 
as 'b ra insto rm ing ' o r Delphi groups, by th e  explicit use  o f the  
group in terac tion  to  produce data  and insights th a t w ould  be less 
accessible w ith o u t the  in te rac tion  found in a group  (Morgan, 
1988). According to  M organ (1988) ‘focus groups are  useful w hen  
it comes to  investigating  w hat partic ipan ts th ink  b u t they  excel at 
uncovering w hy  p a rtic ipan ts th ink  as they  do ’.
Focus groups have previously been used for TPB studies 
(Beedell and  Rehman, 2000 ; Garforth e t al., 2004), as they  have 
the advantage of enabling  data  from  a group of people to be 
gathered m ore quickly th an  th rough  individual interview s, and 
they also p e rm it th e  researcher to im m ediately  follow -up 
participant s ta tem en ts  in o rder to  clarify responses.
However, th ere  is also the  risk th a t  som e partic ipan ts m ay 
dom inate proceedings, leading m ore reserved m em bers to  hold 
back. It m u st also be  bo rn e  in m ind th a t th e  sm all n u m b er of 
participants m ean  th a t findings canno t necessarily  be generalised 
to w ider populations. It is for th is reason, as in th is case, th a t focus 
groups are  often  used  as a  pre lim inary  stage in a larger research 
| program m e th a t includes a  m ore rep resen ta tive  survey of the  
population (W alker, 1985).
Three groups, held in Tham e (Oxfordshire), Bawtry (N ottin­
ghamshire) and Scotlandw ell (Fife), took  place b e tw een  Novem ­
ber 2006  and  January  2007. The locations w ere chosen for 
proximity to existing or proposed co-firing o r dedicated  
biomass p ow er plants. Participants w ere  sought th rough  a 
num ber o f channels (p roducer groups, Farm ing and W ildlife 
Advisory Group (FWAG), National Farm ers' Union of England and 
Wales (NFU) and SAC advisory service) w ith  the  in ten tion  being to 
get a broad m ix of existing  and po ten tial grow ers o f m iscan thus 
and SRC willow.
An in d ep en d en t co n su ltan t facilitated th e  discussions, w orking 
through a series o f broad open-ended  questions in tended  to elicit 
inform ation on th e  factors w hich  influence th e  uptake of 
dedicated energy  crops by farm ers. The focus groups typically 
continued for be tw een  90 and 120 m in. The discussions w ere 
recorded an d  th e  o u tp u t analysed by tw o  researchers, grouping 
responses in to  th e  key th em es reported  below.
7. Findings from focus groups
T hirty-one people a tten d ed  the focus groups including 28 
! farmers, tw o  p roducer group  represen tatives, and a pow er 
company consu ltan t. Sixteen farm ers had had experience of 
growing SRC w illow  w ith  over half o f these  a tten d in g  th e  Bawtry 
meeting. Several o f these  grow ers originally had con tracts w ith  
the failed Arbre schem e th a t  was to  supply  th e  Eggborough pow er 
station in 2000. But th e  com pany beh ind  th a t p ro ject folded in 
2002, m aking  40  people re d u n d an t and leaving farm ers w ith  acres 
of half-grow n coppicing p lan ta tions on th e ir hands.
In to ta l only tw o  farm ers had experience o f grow ing m is­
canthus, and  th u s  th e  discussions w ere  m ore focused on SRC 
willow. The area o f land in energy crop production  on  th ese  farm s 
ranged from  approxim ately  5 to 250 ha, w ith  a m edian  area of 
15 ha. Four farm ers had m ore than  25 ha in energy crop 
production, and  o f  th ese  tw o had an  area g reater th an  100 ha.
7.1. Motivation to grow energy crops
There w as broad consensus th a t th e  principle factor affecting a 
fanner’s decision to  grow  energy crops o r no t w as th e  perception 
of po ten tial financial re tu rns. In th is respec t th e  contracts 
available to  grow ers u n d e r th e  original Arbre schem e w ere  said 
to have been  relatively attractive.
A nother factor re la ted  to  personal or ideological beliefs about 
clim ate change and  fossil fuel dependency. M any of th e  farm ers 
th o u g h t th a t  grow ing energy crops was fundam entally  a ‘good’ 
thing , w h ils t a t th e  sam e tim e it w as w idely th o u g h t th a t  such 
concerns w ould  be a stronger driver in energy crop production  in 
th e  future.
However, cu rren t u n certa in ty  abou t th e  financial viability  of 
energy crops appears likely to  lim it up take in th e  sh o rt-term  
d esp ite  m any farm ers being  supportive  o f th e  underly ing  
principles. A w idespread  belief was th a t re tu rn s w ould  im prove 
over tim e, as th e  governm ent is forced to increase incentives for 
grow ing energy crops as p a rt o f its program m e to  tackle c lim ate  
change. Indeed m any of th e  farm ers grow ing energy  crops appear 
to have specu lated  th a t by getting  involved a t an early stage th ey  
will be  well placed to benefit la te r on.
A fu rth er factor m entioned  by o lder farm ers w as th e  desire to 
m ain tain  farm  production  w hile  scaling back daily involvem ent. 
In th is respec t con tracting  ou t th e  en tire  energy crop production  
process w as seen as attractive.
7.2. Perceptions o f financial returns
The prices curren tly  paid  for energy crops are felt to  be  low. A 
key p o in t is th e  com parison of re tu rn s w ith  those from  alternative  
crops o r land uses. W ith  w h ea t having risen dram atically  (from  
£60 /t in early 2006  to around  £ 90 /t in th e  second ha lf o f th e  year), 
th e  re tu rn s  available look even less appealing. W ith in  th e  groups 
th ere  w as m uch  specu lation  (and som e excitem ent) as to how  
high th e  w h e a t price m ig h t go. In th is con tex t it w as m ain tained  
th a t farm ers w ere  very unlikely to  sign long-te rm  contracts for 
w illow  at th e  prices curren tly  on offer. W heat prices are h igher 
still in 2007, w ith  London’s N ovem ber w h e a t fu tu res closing 
recently  a t over £140/t (Farm ers W eekly, 2007).
The m ajority  of farm ers felt th a t it w as difficult to  calculate th e  
re tu rn s from  energy crops due to  u n certa in ty  over costs, potential 
yields and prices. In com parison farm ers w ere  very aw are of 
re tu rn s from  conventional crops and a t w h a t prices and yields 
they  w ould  be profitable. The lack of a m ature, fully developed 
m arket w ith  clear prices w as p a rt o f th e  problem , w ith  a  perceived 
lack of transparency. At p resen t, farm ers feel th ey  have little  
choice b u t to sell to  th e  pow er sta tions for co-firing, w here  they 
believe th ey  w ill alw ays receive the  low est price as th e  pow er 
sta tions act as 'm idd le  m en ’ in  th e  supply o f energy to consum ers.
The p referred  situation  (th o u g h t to be th e  m o st profitable) for 
th e  farm ers w ould  be to  ‘supply  k ilow atts o f h ea t ra th e r than  
k ilogram s of w ood’ to local schools and  hospitals, th u s  cap turing  
m ore value th rough  th e  developm ent o f a vertically  in tegrated  
business. This m ark e t is curren tly  very underdeveloped in th e  UK 
and re lian t on in v estm en t in b iom ass boilers and com bined heat 
and pow er (CHP) p lants. It is in te resting  to  no te  th a t  th is m arket 
has perhaps th e  g rea tes t po tential in term s of cost-effective GHG 
savings. N evertheless, th ere  w as acknow ledgem ent th a t pow ers 
sta tions had a role to  play in developing a m arke t for energy crops.
7.3. Grant support
V ery  few  farm ers said th ey  w ould consider grow ing energy 
crops w ith o u t the  estab lish m en t grant, due  to th e  high upfront 
capital costs and uncerta in tie s  over resu lting  n e t incom e. Indeed 
it w as th o u g h t th a t  n e t incom e w ould a lm ost certainly be 
negative  a t cu rren t m arket prices w ith o u t g ran t support. New 
applications to  th e  English Energy Crop Schem e have been  
suspended  since July 2006  w ith  farm ers uncertain  as to  w hen  
these  g ran ts w ill reappear, and expecting gran t levels to be  low er 
th an  p reviously available. It w as felt these  issues send  poor signals
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to  p o ten tia l grow ers, particu larly  as e s tab lish m en t costs are 
unlikely  to  fall significantly  in th e  n ear fu tu re.
The pay m en ts  o f up  to  € 4 5 /h a  (on non -se t-asid e ) u n d e r th e  EU 
Energy Crop Aid Schem e did no t seem  to  be an  im p o rtan t factor in 
encourag ing  uptake, as p aym en ts a re  low  in com parison  to 
e s tab lish m en t costs. In principle, however, th e  add itional financial 
su p p o rt w as w elcom e. Anecdotal ev idence suggests th a t the  
adm in istra tive  req u irem en ts  for c laim ing th e  Energy Crop Aid can 
b e  fru stra tin g  fo r fa rm ers d u e  to  in te rac tion  o f claim s m ade  u n d e r 
th e  Single Paym ent Schem e an d  th e  req u irem en t for th e  p rocessor 
to  lodge a  € 6 0 /h a  deposit.
An im p o rta n t asp ec t o f energy  crop p roduction  is th a t 
p roducers have h igh e stab lish m en t costs y e t no incom e until 
th e  first harv est a fte r 4  years. One suggestion  m ade a t  th e  
d iscussion  groups w as th a t  g ran t m onies could be  ta rg e ted  a t  th is 
p eriod  to  resolve cash  flow p rob lem s w hich  m ay o therw ise  lim it 
crop uptake.
7.4. Contracts w ith  pow er stations
There w as recognition  th a t  w ith  th e  n a tu re  o f th e  cropping 
cycle, farm ers and en d -users w ould  co n tin u e  to  rely  on  contracts, 
particu larly  w ith  lim ited  a lte rn a tiv e  m arkets fo r ded icated  energy 
crops (SRC in particular, as m iscan th u s has a lte rn a tiv e  uses, e.g. 
for an im al bedding). However, farm ers w e re  sceptical th a t  prices 
offered by p o w er sta tio n s w ou ld  be sufficient to  encourage 
significant uptake. M any believed energy  crop prices w ere  
calcu lated  w h e n  w h e a t w as a t £60 p e r to n n e  and had failed to 
rise  sufficiently  since th en . Som e fe lt con tracts allow ed for low er 
prices to  be paid th an  th ey  had been  led to  believe. T here w as also 
concern  ab o u t a fa rm er’s ability  to  enforce con tracts if  th e  end- 
u se r decided th ey  did n o t w a n t th e  crop or w ould  only pay  a low er 
price. N evertheless, th ere  w as w id esp read  accep tance th a t co­
firing  offers a lifeline to energy  crop grow ers and  in m any cases 
co n stitu tes  th e  only v iable m arket.
There w as a belie f th a t p ow er s ta tio n s w ere  m otivated  
prim arily  by renew ab le  energy  obligations and  did n o t really 
w a n t to  u se  SRC to  m ee t these, as it w as m ore expensive than  
a lte rn a tiv e  co-firing feedstocks from  forestry  o r im ports. It w as 
also fe lt th a t  pow er sta tio n s w ere  w avering  in th e ir  co m m itm en t 
to  SRC due  to  po ten tial changes in th e  RO ru les re la ting  to  co­
firing. This w ould  seem  to  tally  w ith  th e  expressed  op inions o f a 
n u m b er o f genera to rs w h o  w ou ld  ra th e r  have freedom  to co-fire 
w h a tev e r feedstock th ey  choose (Scottish and  S outhern  Energy, 
2006 ; Scottish Power, 2006), and  suggests th a t  rem oving th e  cap 
on energy  crops could re su lt in d em and  from  co-firers declin ing  
significantly.
7.5. M arkets
The ‘ch icken-and-egg’ p rob lem  facing m ark e t d ev elopm en t 
w as identified  as an  im p o rta n t issue. Farm ers have few  incentives 
to  g row  energy  crops w ith o u t th e  ex istence of com petitive  
m arkets, and p o ten tia l u sers have little  incen tive  to  invest 
in th e  technologies necessary  to  develop th ese  m arkets if supp ly  
is bo th  lim ited  and  u ncerta in . M any farm ers felt th a t  th e  
go v ernm en t m u st play  a significant role to s tim u la te  dem and 
th rough , for exam ple, providing g ran ts  to  local au thorities, 
hospitals, schools and businesses to  install b iom ass boilers. 
Equally it w as felt th a t  once a ‘critical m ass’ o f energy  crop 
grow ers had been  estab lished , th is w ould  increase  confidence in 
energy crop supply, th u s  p rom pting  m ore w id esp read  develop­
m en t o f m arkets. G row ers perceive th a t w ith o u t in te rven tion  to 
s tim u la te  th is m ark e t th en  it m ay tak e  a long tim e  for th is ‘critical 
m ass’ to  be  achieved.
There w as also broad  recognition  th a t  p roducer groups and co­
operatives could play  a  key role in estab lish ing  n ew  markets, as 
en d -u sers  a re  unlikely  to deal w ith  individual grow ers. Local 
m arkets for h ea t an d  for CHP w ere  th o u g h t to  have the  most I 
p o ten tia l to  be profitable  by allow ing farm ers to  deal directly 
(th rough  co-operatives o r p roducer groups) w ith  th e  end-users.
Farm ers w ere  keen to  stress th a t  d ev elopm en t of a mature 
m ark e t for energy  crops, w ould  be  p referable to  a culture of 
‘h andou ts '. However, it w as conceded th a t, un less or until, higher 
energy  prices m ake production  m ore com petitive  th an  alternative 
land  uses, subsid ies (d irect o r indirect) w ould  be required for 
energy  crop p roduction  to  becom e m ore w idespread . Farmers 
po in ted  to  Sw eden, G erm any and A ustria as places w h e re  markets 
ap p ea r to  have developed  successfully, and felt th a t policy makers 
could  learn  lessons from  th e  experience gained in th ese  countries.
7.6. Producer groups and co-operation
C o-operation be tw een  farm ers w as seen  as essentia l if new and 
m ore profitable m arkets are  to  be  developed. It w as noted that, 
historically, crop p roduction  has n o t resu lted  in significant levels 
o f co -operation  be tw een  farm ers. Areas w h ere  co-operation 
should  bring  benefits include th e  sharing  of experiences on 
estab lishm en t, m anagem en t, harvesting , processing  and market- | 
ing of th e  crops, and collective purchasing  of requ ired  machinery.
The im portance of p ro d u cer groups w as acknowledged, but 
w ith  aw areness th a t  th ey  m ay no t be th e  m o st im partial sources 
o f in fo rm ation  on energy  crop production . The m ain  concerns 
re la ted  to in form ation  on po ten tial costs and re tu rn s and the more 
prob lem atic  aspects o f production . In practice, how ever, producer 
groups appeared  to  enjoy good re la tionsh ips w ith  m o st producers 
and as a resu lt th is w as no t a m ajor issue.
7.7. Type o f  land used to grow  energy crops
Energy crops a re  m ore likely to be  grow n on a fa rm ’s least 
p roductive  land, including arable land, se t-as id e  and  permanent 
p astu re  taken  o u t o f dairy  p roduction  o r cu rren tly  in grass lets. 
This reflects th e  specu lative  n a tu re  o f m uch  energy crop 
production . Several m ore experienced  grow ers stressed  the  direct 
re la tionsh ip  b e tw een  yields and land productivity , a lthough crop 
m an ag em en t w as also im p o rtan t. Som e arable farm ers expressed 
in te res t in g row ing energy  crop on p e rm a n en t se t-aside  land to 
gen era te  add itional incom e. However, th is land tends to be the 
least p roductive  o f a fa rm ’s a rab le  land  w ith  low  yield expecta­
tions. R ecent European Com m ission proposals m ean  set-aside is 
likely to be suspended  in the  UK in 2008, w ith  m uch  speculation 
th a t  it w ill b e  scrapped, a t  least in its cu rren t form . These 
developm ents w ill c learly  have an effect on th e  potential for 
fu tu re  up tak e  of energy  crops on se t-aside .
For m o st grow ers, energy crops a re  a diversification ra th e r than 
a  p rim ary  farm  en terp rise . A sm all n u m b er o f farm ers had put 
m o st o r all o f th e ir  land  in to  energy  crop production , w hich had 
enab led  th em  to re tire  o r focus on  o th e r activ ities such as 
contracting . At th e  m o m en t farm ers ap p ear re lu c tan t to  use their 
m o st p roductive  land  for energy  crops, b u t i t  w as stressed  that 
th is w as linked to  th e  percep tion  of th e ir  poor profitability. In 
principle, m any  farm ers m ay  be w illing  to consider growing 
energy  crops on  m ore  productive  land, providing th a t agronomic 
conditions a re  su itab le  and th ey  have confidence th a t  energy crop 
production  w ill b e  com petitive  in th e  long term . Essentially if 
re tu rn s  from  energy  crop production  w ere  to  be equal to  or better 
th an  a lte rn a tiv e  uses, th ere  appears no reason w hy uptake of 
energy  crop production  on all su itab le  types o f land  would not 
increase. H ow ever th is seem s unlikely in th e  sh o rt term , and one
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can specu la te  ab o u t th e  longer te rm  opp o rtu n ity  costs of energy 
crop land uses, given rapid ly  increasing food dem and  from  China 
and India.
The perceived negative im pact o f SRC roots on field drainage 
can be an  im p o rtan t factor in th e  decision w h e th er o r no t to  grow  
energy crops. It w as in te resting  th a t these  concerns tended  to 
come from  po ten tial grow ers ra th e r than  experienced ones; the  
I latter group  suggesting  th a t careful site  selection could preven t 
this from  becom ing a serious issue. Furtherm ore, it is unclear to 
what ex ten t SRC dam ages field drainage above and beyond 
natural deterio ra tion . N onetheless, a t  least one producer group 
advises grow ers no t to g row  SRC w h ere  there  are shallow  drains 
(Thames Valley Bioenergy Coppice, 2007).
The u n certa in  cost o f re tu rn in g  land to  a lte rna tive  production  
was also a concern expressed by a nu m b er o f fanners. Some 
existing grow ers suggested  th a t it w ould no t be too expensive or 
difficult; a lthough  no one had d irect experience.
7.8. Farm business impacts
M ost farm ers said they  w ould  need to  hire con tractors for SRC 
establishm ent and harvesting  due to  th e  expense of purchasing  
specialist equ ipm ent. For m iscan thus it w as felt th a t existing farm  
equipm ent m igh t be  suitable. Som e already m ake extensive use of 
contractors in o th er aspects o f th e ir  businesses, and therefore 
using energy  crop contractors w ould have little  im pact on the 
farm stru c tu re . However, for those  farm ers w ho have no t 
traditionally m ade  use  o f con tracto rs this m ay be an issue. It 
was also suggested  th a t grow ing energy crops could provide an 
opportunity to reduce fixed costs associated  w ith  m achinery  and 
labour, th u s  allow ing farm ers to  engage in o th er on- o r off-farm  
activities. Som e grow ers have restru c tu red  to  such an ex ten t th a t 
they have becom e th e  providers o f energy crop contracting  
services to  o th er growers.
7.9. UK farm ing sector impacts
There w as unanim ous ag reem en t th a t th e  developm ent of 
energy crops could only be  good for the  UK farm ing sector, as long 
as farm ers could m ake a profit from grow ing them . It w as th o ugh t 
that th e  im pact o f taking land ou t of p roduction  from  o th er 
agricultural com m odities w ould  have the  effect o f push ing  up 
prices in general and  th u s benefiting  UK agriculture. Several 
farmers reported  th a t th e ir  neighbours had expressed in te rest in 
growing energy crops if  financial v iability  could be dem onstra ted .
7.10. Environmental impacts
Several farm ers w ith  experience of grow ing energy crops felt 
that SRC offered clear b iodiversity  benefits, b u t th a t  these  w ere 
not w idely  recognised by env ironm ental groups and governm ent 
bodies. Farm ers w ere  receiving m ixed m essages both from  
different o rgan isations and on occasions from different indivi­
duals w ith in  a single organisation. M ost farm ers felt fu rth er 
research w ould  be useful to  clarify the  im pact o f energy crops on 
biodiversity so th a t a m ore consisten t m essage can be given.
A n u m b er of farm ers believed th a t  the  public  w ere supportive  
of th em  grow ing energy  crops, seeing it as a positive w ay of 
tackling c lim ate  change. Public concerns over th e  landscape and 
visual im pacts o f energy  crops w ere no t th o u g h t to be significant 
at p resent, b u t opposition  m ay occur if  large-scale p lanting  w ere 
to take place. Several farm ers w ere  keen to  po in t o u t as an 
example th a t  in itial public  reaction  to  oilseed rape had been 
negative b u t th a t  public  percep tions w ere  no longer hostile.
The po ten tial for w illow  to  provide environm ental services 
such as w a te r purification on floodplains th rough  th e  up tak e  of 
excess n u trien ts  such as nitrogen w as identified. Use of sew age 
sludge on energy crops w as cited as having th e  tw in  benefits of 
p roviding a safe disposal o f w aste  ou tside  the  food chain and 
acting  as a source o f n u trien ts  for th e  crop.
7.11. Sources o f information and information gaps
A leaflet on sh o rt ro tation  coppice available from  Defra (2006b) 
had been useful in general term s, a lthough  several farm ers 
com plained th a t s ta ff a t Defra and the  Rural Paym ents Agency 
had no t been  able to  provide any fu rth e r inform ation. For m any 
farm ers, p roducer groups had been  th e  m ain  inform ation  source. 
Farm ers also received inform ation  from  pow er com panies and 
agronom ist services con tracted  to  these  com panies. However, 
none of these  sources w ere  considered to  be com prehensive.
Established grow ers said m uch of th e ir  know ledge w as from 
personal experience and sharing  inform ation  w ith  o th er farm ers 
th rough  producer groups and co-operatives. Site visits and talking 
to  grow ers w ere  also m en tioned  as a good w ay for farm ers to find 
o u t ab o u t th e  practicalities of energy crop production . It w as 
stressed  th a t th e re  w as a need  for inform ation  th a t w as clearly 
independent, objective and practical.
None of th e  farm ers had ob tained  inform ation from  th e  NFU, 
trad itional agronom ists, farm  advisors o r the  Biomass Energy 
Centre; recently  se t up  by th e  Forestry Com m ission in response to 
th e  findings o f th e  Biomass Task Force. It w as reported  th a t the 
Biomass Energy Centre had actually  approached a n u m b er o f th e  
grow ers and  p roducer groups from  th e  Bawtry Focus Group in 
o rder to obtain  inform ation  abou t energy crops.
Several farm ers no ted  a lack o f UI< (or indeed Scotland)-specific 
inform ation  on grow ing energy crops, and w h ere  inform ation  
could be found it w as no t com prehensive and quite  fragm ented. 
One fa rm er suggested  th a t a sim ple crib sh ee t w ith  step-by-step  
details o f each stage in th e  p roduction  cycle (establishm ent, 
m an ag em en t and harvesting  o f th e  crop), as well as details o f all 
adm in istra tive  requ irem ents, w ould  be helpful. A key gap w as also 
identified  in re la tion  to  m arketing  and end uses o f energy crops, 
including inform ation  on installing  biom ass boilers both for on- 
farm  and local energy uses.
It w as th o u g h t th a t clear, practical inform ation  from  im partial 
research  organisations, d issem inated  th rough  the  Biomass Energy 
Centre, had th e  po tential to com plem en t inform ation provided by 
producer groups.
8. Conclusion
W hile p a rtic ip an ts express optim ism  abou t th e  fu tu re  of 
energy crop production , th ere  are clearly several barriers to 
w idesp read  adoption . Key am ong these  is financial re tu rns, and 
th e  fact th a t  com peting activ ities are  m uch m ore rew arding—in 
particular, w h e a t and oilseed rape, w ith  cu rren t high prices partly  
driven by d em and  for liquid biofuels. This raises an im portan t 
policy issue re la ting  to  th e  cost o f abating  carbon em issions. Using 
perenn ial energy  crops for heating  is typically a very cost-effective 
use  o f b iom ass to  reduce carbon em issions, w hereas tran sp o rt 
biofuels from  grain or oilseed is a m uch m ore expensive approach 
(Carbon Trust, 2005; SAC, 2005).
W hile th e  forthcom ing RTFO will provide a continued 
incentive to  grow  w h e a t and oilseed rape for biofuels, there  is 
no such su p p o rt m echan ism  for renew able heat. The focus on 
renew able  electricity, and m ore latterly  tran sp o rt fuels, to th e  
exclusion of renew able  h eat is a concern to  bo th  th e  Royal 
C om m ission on Environm ental Pollution and the  Biomass Task
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Force (RCEP, 2004 ; Biomass Task Force, 2005). W hile  th e  RCEP 
proposed  a ‘R enew able H eat O bligation’, th e  Biom ass Task Force 
considered  th is unw orkable, favouring in stead  a g ran t p rogram m e 
for boilers, subseq u en tly  adop ted  by Defra as Round 3 o f th e  Bio­
energy  Capital G rants Schem e (Defra, 2007b). As indicated , 
farm ers believe such  g ran ts  crucial to crea te  a local d em an d  for 
renew ab le  heat, w hich  th ey  see  as th e  m o st p rofitab le  fu ture  
o u tle t for energy  crops.
W hile successful dev elo p m en t o f  local m arkets shou ld  go som e 
w ay to  increasing re tu rn s to  farm ers and  providing reassu rance  
th a t som eone  w ill be  able to  take th e  crop a t a com petitive  price, 
a t  th e  cu rren t tim e, p lan ting  gran ts and  contracts a re  still 
required . There is a need  to increase fa rm er confidence in th e  
contracts, be  it p e rh ap s th rough  g o v ernm en t u n d e rw ritin g  or 
som e form  of insurance. An early  decision on th e  e stab lish m en t 
g ran t w ou ld  also be  w elcom e by farm ers as it w ould  m ean  one 
less uncertain ty .
Finally, farm ers need  tru s ted  in fo rm ation  to  m ake decisions, 
w hich  p redo m in an tly  com e dow n to  financial considerations a t an 
indiv idual farm  level. The issue of SRC roots po ten tially  dam aging  
field d ra ins is a good exam ple  w h e re  th e  fa rm er needs to know  
how  likely th is is to  hap p en  in his case, and if so, ho w  m uch  it 
w ould  cost to  rectify. It seem s th a t  th e  Biomass Energy Centre, 
a lthough  cu rren tly  still bu ild ing  up  know ledge, is in a good 
position  to becom e th e  leading au thority .
In te rm s of fu rth er research , th ere  is a need  to  identify  energy 
crop ad op tion  in ten tio n s from  a m uch  larger range of farm ers. 
Following from  th e  focus groups, a posta l survey based  on the  
Theory o f P lanned B ehaviour (Ajzen, 1991) will be issued to 
estab lish  th e  likely w id e r e x ten t o f adoption , as w ell as identify ing  
th e  relative im p o rtan ce  of drivers and barriers h igh ligh ted  by the  
groups. This w ill enab le  a b e tte r  u n d e rstan d in g  of ho w  policy 
m akers could tackle th e  specific issues th a t lim it th e  po ten tial of 
d ed icated  energy  crops in th e  UK.
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ABSTRACT: The UK Biomass Strategy suggests that to reach the technical potential o f perennial energy crops such as 
short rotation coppice (SRC) willow and m iscanthus by 2020 would require 350,000 hectares o f  land. This would 
represent a more than 20-fold increase on the current area o f 15,546 hectares. The decisions o f  individual farmers 
whether or not to  grow these crops are therefore a  key potential constraint on supply. A postal survey using the social 
psychology technique the Theory o f Planned Behaviour was used to assess behavioural intentions, attitudes, subjective 
norms, and perceived behavioural control towards the adoption o f  perennial energy crops. Results suggest that uptake 
will be minimal unless a  num ber o f  barriers to adoption are overcome. These include the perceived lack o f  security and 
stability o f income from contracts, disruption to cashflow, and reduction in the flexibility o f  the farm business.
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1 INTRODUCTION
The twin concerns o f  climate change and energy 
security have increased attention on renewable energy. In 
the UK, these factors have combined with an agricultural 
reform process that has highlighted the need for farmers to 
diversify away from traditionally supported arable and 
livestock products. Accordingly, the UK Government has in 
recent years demonstrated an increasing enthusiasm  for the 
use o f  biomass as a  source o f  electricity, heat and transport 
fuel. The UK Biomass Strategy [1] states the Government's 
intention to bring about a  major expansion in both the 
supply and use o f  biomass in the UK, indicating that 
biomass will have a central role to play in m eeting the EU 
target o f  20%  o f  renewable energy by 2020 [1],
W hile the UK Biomass Strategy proposes an increase 
in the use o f  biomass for heat, electricity and biofuels, 
beyond acknowledging the 10% minimum share o f biofuels 
target for 2020 [2] it does not include specific targets for 
particular feedstocks or end uses. It does, however, outline 
what the UK Government considers to be the potential UK 
supply o f  biomass feedstocks up to 2020. These 
feedstocks include forestry, wood waste, conventional 
agricultural crops such as wheat and oilseed rape, straw, 
perennial energy crops such as short rotation coppice 
(SRC) willow and miscanthus, and agricultural waste [3, 
!]■
To increase available biomass, Delfa [1] favours 
obtaining an additional 1 million dry tonnes o f  wood per 
annum from woodland and wood waste, more use o f 
m anures and slurries, and a substantial growth in uptake of 
perennial energy crops. O f these sources, it is the 
anticipated change in levels o f  perennial energy crops that 
is m ost dramatic. The technical potential o f  energy crops is 
estim ated to be 17.2 TWh (1.48 M toe), while current 
availability is 0.07 - 0.09 Mtoe [1]. Such an increase would 
represent an almost 20-fold increase in the level o f  supply, 
albeit from a  low level.
To reach the technical potential o f  perennial energy 
crops by 2020 [1] w ould require 350,000 hectares (ha) o f 
land, which is roughly 6.5%  o f UK arable and set-aside 
land, assum ing an average annual yield o f  9 odt/ha [1], The 
Renewables Innovation Review [4] suggests this is a
realistic area once a num ber o f constraints, including 
competition from other markets are taken into account.
The key feature o f  this, and other estimates o f  future 
perennial energy crops supply [3, 5] is the assumption 
about farmer behaviour. It is taken for granted that farmers 
will choose to grow perennial energy crops up to the level 
o f  the constraints that they identify. However, this 
assumption does not seem to be supported by experience to 
date.
Deffa's Energy Crops Scheme, which provides 
establishm ent grants for SRC willow and miscanthus, 
along w ith support for developing SRC producer groups, 
had a  num ber o f  objectives for the first period o f  the 
England Rural Development Programme (ERDP) (2000- 
2006). These included the planting, by 2006, o f  16,700 ha 
o f  SRC and 5000 ha o f  m iscanthus in England [6], When 
the scheme closed to applications, in July 2006, only 1180 
ha o f SRC and 3356 ha o f m iscanthus had been planted [7], 
representing 20%  o f the target level. This does, however, 
m ark an improvement over the uptake by the half-way 
point in 2003, where only 2%  o f the SRC target and 3%  o f 
the m iscanthus target had been planted [6].
More recently there has been an increase in interest in 
the payments, w ith applications for planting in 2007 due to 
take the area o f  m iscanthus to  12,627 ha, and SRC to 2600 
ha in England [7].
In Scotland the area planted or approved for planting 
up until the end o f  2006 is 300 ha. Current applications for 
planting in 2007 and 2008 amount to around 600 ha [8]. In 
Northern Ireland, 400 ha o f  SRC have been planted or 
approved for planting to date, and a further 410 ha have 
been approved for the 2007 planting year [9], while in 
Wales there is currently 40ha of SRC and 72 ha of 
m iscanthus [10], The current total area o f  energy crops in 
the UK is 15,546 ha for SRC willow and miscanthus 
combined [1].
This paper adds to a growing literature on perennial 
energy crops and the development o f biomass energy in  the 
UK, Europe and beyond [11, 12, 13]. W hile there has been 
m uch focus on techno-economic aspects and theoretical 
supply chain potential [14, 15, 16], broad stakeholder 
opinion [17] and wider public policy implications [13], 
relatively little is known about how individual farmers will
respond to the opportunities presented by these relatively 
novel crops. Strawson [18], writing from the perspective o f 
a  farm er with land already comm itted to  SRC willow, and 
at a tim e when returns from alternative activities were 
m uch lower than at present, offers a  relatively upbeat 
assessm ent o f  the potential attractiveness o f  the crop. 
However, in the context o f  a  significant and ongoing global 
rise in the price o f  agricultural commodities such as wheat
[19], a changing agricultural policy landscape in the EU
[20], and a UK renewable energy support mechanism  that 
is under review  [21], it is important to gain an up-to-date 
understanding o f  farm ers' attitudes and behavioural 
intentions tow ards the adoption o f  perennial energy crops.
This paper w ill show that for perennial energy crop 
feedstocks such as SRC willow and m iscanthus, the likely 
level o f  supply will be considerably below  the theoretical 
potential unless a  num ber o f  barriers to their adoption by 
farm ers are overcome. The paper is structured as follows. 
The next section outlines the framework for investigating 
the behavioural intentions o f  UK  farm ers towards the 
adoption o f  perennial energy crops, followed by a 
description o f  the survey technique. The results are then 
presented, w ith the subsequent discussion looking at the 
implications o f  the findings for policy makers.
2 THEORETICAL APPROACH
The Theory o f  Reasoned Action (TORA) [22] and its 
extension the Theory o f  Planned Behaviour (TPB) [23] 
provide the conceptual fram ework for investigating the 
attitudes and intentions o f  fanners towards the adoption o f 
perennial energy crops. Both the TORA and the TPB have 
been w idely used in agricultural research to  understand 
barriers and drivers to  the adoption o f  new technologies 
and practices [24, 25, 26] and to estim ate the likely scale o f 
adoption o f  particular activities [27],
According to the TORA, the intention to adopt a 
particular behaviour is a  function o f  attitudes towards the 
behaviour and the subjective norm, that is the extent to 
which one is influenced by the views o f  other people 
regarding the behaviour [22].
A ttitudes are a  product o f  the extent to which one 
expects the behaviour to result in specific outcomes 
(outcome beliefs) and the importance o f  those outcomes 
(outcome evaluations). The subjective norm is a  function o f 
the perceived support o f  salient referents (people to  whom 
respondents m ight turn  for advice) towards the behaviour 
(subjective beliefs) and the motivation to comply with 
those beliefs. The TORA claims that the intention to 
perform a particular behaviour is a  reliable indicator o f 
actual future behaviour i f  the expressed attitude towards 
this behaviour and/or the perceived social pressure to do so 
correlate closely with the stated intent. A comparison o f the 
strength o f  correlation o f  the attitude and subjective norm 
with the stated intent towards the adoption o f  SRC willow 
or m iscanthus indicates which o f the two components has 
greater influence on the farmers' decision relating to  the 
adoption o f  these crops [22],
Theoretical developm ents in social psychology led to 
the Theory o f  Planned Behaviour (see Figure 1), an 
extension o f  the TORA that incorporates 'perceived 
behavioural control' as a  m easure o f  the extent to which 
people believe they are able to control the outcome [23].
This followed studies suggesting that TORA perform ed 
poorly where the perceived efficacy o f  achieving the 
expected result was low - in which case the behaviour 
would not be attem pted regardless o f  the strength o f  the 
attitudinal and social influences [28].
Perceived behavioural control is an individual's 
assessm ent o f  their own ability (control belief) to perform a 
particular behaviour and their capability (power o f  control). 
The TPB states that perceived behavioural control can also 
predict behavioural intent. The contribution o f perceived 
behavioural control is assessed by comparing the strength 
o f  its correlation with intent w ith that o f the other two 
causal components [23].
F ig u re  1: Theory o f  Planned Behaviour
O f central importance w ithin a  TPB study is the 
principle o f  compatibility, that is "relations between 
attitudes and behaviours are maxim ally strong to the extent 
that their action, target, context, and tim e elem ents are 
assessed at the same level o f  generality or specificity" [29]. 
In this study the TPB is applied to predicting farmers' 
behaviour towards the adoption o f  perennial energy crops 
over the next five years.
3 THEORY OF PLANNED BEHAVIOUR STUDY
The research comprised o f  a two stage interdependent 
data gathering process. Initially sets o f  outcome beliefs and 
salient referents were identified through focus group 
discussions with farmers in three different areas o f  the UK 
[30]. These took place in Thame (Oxfordshire), Bawtry 
(Nottingham shire), and Scotlandwell (Fife), between 
Novem ber 2006 and January 2007. The locations were 
chosen for proximity to  existing or proposed co-firing or 
dedicated biom ass power plants, and attracted a  mix both 
o f  farm ers who had experience o f  growing perennial energy 
crops and those with no such experience.
The second stage involved using the identified outcome 
beliefs and salient referents in a  structured questionnaire. 
Following a pilot survey, questionnaires were sent to 1500 
farmers in three areas where SRC willow and m iscanthus 
had already been planted under Defra's Energy Crops 
Scheme in England, and that were w ithin 25 miles o f  either 
a  co-firing or dedicated biomass power plant. It was 
decided that this would be preferable to a  survey covering 
the whole o f  the UK, as in  some areas there has been no 
development o f  perennial energy crops, co-firing or 
dedicated biomass power plant. By focusing on areas where 
there is an existing source o f  demand, it was considered
that the questionnaires would be o f more relevance to 
farmers. W ithin these areas, farmers were selected at 
random from a business directory. In all, 150 usable 
responses were received - a  response rate o f  10%.
Farm ers were asked to score a response to the 
questions on a  5 point scale. These responses were 
num erically coded from -2 to +2 for analysis. Table 1 shows 
the question structure for each construct.
T ab le  I: Question structure for the TPB survey
T PB  C onstruct Q uestion  S tru ctu re M easurem ent scale
Behavioural
intention
Are you intending to plant 
SRC willow on your farm in 
the next 5 years?
Certainly not. probably not. 
unsure, probably, certainly
Stated attitude Choosing to plant SRC 
willow on my farm in the 
next 5 years would be a good 
decision
Strongly disagree, disagree, 
unsure, agree, strongly agree
Stated subjective 
norm
People whose opinions I 
value think I should plant 
SRC willow on my farm in 
the next 5 years
Strongly disagree, disagree, 
unsure, agree, strongly agree
Outcome
evaluation
Do you agree o r disagree with 
the following statements?
Strongly disagree, disagree, 
unsure, agree, strongly agree
B elief strength H ow  important are the 
following to you?
Unimportant, not very 
important, no opinion, 
important, very important
Subjective belief Do you think the following 
would approve or disapprove 
o f  you growing SRC willow 







W ould you follow the advice 
o f  the groups below in 
deciding whether o r not to 
grow SRC willow on your 
farm in the next 5 years?
Very unlikely, unlikely, 
unsure, likely, highly likely
Perceived
difficulty
H ow difficult would it be to 
grow  SRC willow on your 
farm in the next 5 years?
Very difficult, difficult, 
unsure, easy, very easy
Perceived ability How confident are you  o f 
being able to grow SRC 
willow on your farm in the 
next 5 years?
Not at all confident, not 
very confident, don't know, 
confident, very confident
Farmers were also invited to add their own thoughts in 
a  comment s box at the end o f  the questionnaire.
4 RESULTS
4.1 Description o f  the sample
The description o f  the sample is divided into three sub­
sections, broadly following the format employed by the 
University o f  Reading in a TPB study for Defra in 2006
[26], The sub-sections are farm characteristics, farm 
operations and farm er traits (Tables II to IV).
About 40%  o f  the sample were m ixed arable and 
livestock, followed by specialist dairy (25%), with beef 
and/or sheep and general cropping (arable) both at 12%. 
Specialist cereals accounted for ju st over 4% , and pigs 
and/or poultry ju st over 3%. Others (nearly 3%) comprised 
o f  a  m ixture o f  the m ain categories along with specialist 
vegetables. O f the five farmland types, all lowland 
dominated, with over 80%  o f  the sample falling into this 
category, followed by mostly lowland (8% ) and ha lf and 
h a lf  (just under 5%).
T abic  II: Sample description based on farm characterstics
F arm  p aram eters   Overall sample (n=l 50)___________
Mean, sem






F arm  types 146 -
Specialist dairy 36 24.7
B eef an d /or sheep 18 12.3
Pigs and/or poultry 5 3.4
Mixed arable and 
livestock 59 40.4
Specialist cereals 6 4.1
General cropping (arable) 18 12.3
Other 4 2.7
F arm lan d  type 149 - -
All lowland 124 83.2
Mostly lowland 12 8.1
H alf and half 7 4.7
M ostly upland 1 0.7
All upland 5 3.4
Total fa rm ed  a re a  (ha) 127
188.3 + 
21.73; 112ha
Up to 58ha 32 25.2
58.1 -  112ha 32 25.2
112.1 -230ha 33 26.0
>230ha 30 23.6




Owned outright 49 47.6
Part tenanted/part owned 34 33.0
Just over 3%  were all upland, with less than 1% mostly 
upland. The mean farmed area for the whole sample was 
188ha, whereas the m edian area was 112ha.
Table 111 describes the sample based on farm 
operations. Just over ha lf recorded annual sales o f  
agricultural produce o f over £100,000. About a fifth had 
sales o f £50 - 100,000, and a sim ilar proportion had sales 
o f £10 - 50,000. Fewer than 10% o f respondents had 
annual sales o f  less than £10,000. In terms o f  the 
proportional contribution o f  farming to annual household 
income, over h a lf  indicated that they are fully dependent, 
w ith one fifth about 75%  dependent on farming. 61%  of 
respondents indicated that their farm has made a moderate 
profit over the past three years, w ith 6%  recording a 
significant profit. About 20%  broke even, 9%  incurred a 
m oderate loss, and 4%  a significant loss.
In response to a question about the extent o f  
involvement in businesses run by farmers groups, 48%  said 
they  are not at all involved, w ith 46%  involved 
occasionally. Only 6%  are involved at every opportunity. 
Almost h a lf o f  respondents said that the farm business 
carried no debt. N early 39%  said they were lightly in debt, 
and over 13% heavily in debt.
Only 14% o f  respondents had fixed costs below 20%, 
while 44%  had fixed costs from 21-40%. Just over a fifth 
had fixed costs o f  over 40%, while a  further fifth did not 
know the proportion o f  total annual farm costs that were 
fixed costs. W hen asked about the proportion o f  income 
from environmental schemes, almost three quarters 
indicated that these represented less than 5%  o f  their 
income. For 10% o f  respondents environmental schemes 
contributed 20%  or more o f  annual farm income.
In response to the question about the proportion o f  total 
income accounted for by the Single Farm Payment, 70% 
said that this represented less than 40%  o f  their income, 
while for 20%  it represented about h a lf o f  their income. 
For 10% it represented more than ha lf o f their income.
T ab le  ILI: Sample description based on farm operations T ab le  IV': Sample description based on farmer traits
F an il operation  p a ram ete rs   Overall sam ple (n=150)
N um ber o f
respondents Percentage (%)
A nnual value o f total sales o f ag ric u ltu ra l 
p roduce
L ess than £10,000 
£10,001 to £50,000 











P roportion  o f an n u a l household  incom e
from  fa rm ing 142 -
100% 76 53.5
About 75% 30 21.1
About 50% 13 9.2
A bout 25% 9 6.3
Below 25% 14 9.9
O ver p as t th ree  years has y o u r fa rm  m ade
a p ro fit o r  a  loss? 142 -
Significant profit 9 6.3
M oderate profit 86 60.6
Break even 28 19.7
M oderate loss 13 9.2
Significant loss 6 4.2
E x ten t o f involvem ent in businesses ru n
by fa rm ers  groups 142 -
N ot at all 68 47.9
Occasionally 65 45.8
A t every opportunity 9 6.3
F arm  business  in d eb t 139 -
N ot at all 66 47.5
Lightly 54 38.8
Heavily 19 13.7
P roportion  of to tal an n u a l fa rm  costs tha t
a re  'fix ed ' costs 139
Less than 10% 6 4.3
1 0 -2 0 % 13 9.4
21 - 30% 34 24.5
31 - 40% 27 19.4
41 -  50% 13 9.4
Over 50% 17 12.2
D on’t know 29 20.9
P ro p o rtio n  of fa rm  incom e from
env ironm en ta l schem es 145 -
Less than 5% 106 73.1
Around 10% 24 16.6
A round 20% 8 5.5
Higher than 20% 7 4.8
P roportion  o f to tal incom e from  Single
F arm  Paym ent 145 -
Less tlian 40% 101 69.7
Around half 29 20.0
M ore than half 15 10.3
The m ale and female respondents comprised 95 and 5 
percent respectively o f  the sam ple (see Table IV). The 
m ean age o f  respondents was 53 years. A lm ost h a lf  tell 
betw een the ages o f  41 and 55, w ith 20%  aged betw een 56 
and 65, and 17% aged over 65. Sixteen percent o f 
respondents were under 40.
In term s o f  the highest level o f  formal education 
attained, 23%  have university degrees, w ith 41%  having 
qualifications from technical colleges. The rem aining 36%  
were educated to secondary school level.
In response to the question as to  whether they  see 
them selves as early adopters o f technology, 40%  indicated 
that they were. A further 40%  said they were not early 
adopters, while the rem aining 20%  stated that they don't 
know.
Thirty-five percent o f  respondents had identified a 
successor to take over the farm, while ju st under h a lf had 
not. The rem aining 16% answered that they may have 
identified a successor.
F a rm e r tra its Overall sample (n= 150)
















Lip to 40 years 20 15.7
41 - 55 years 60 47.2
56 - 65 years 25 19.7
>65 years 22 17.3










Don't know 28 19.6





M aybe 23 16.2
Three o f  the farmers who responded are already 
growing SRC willow, w ith areas o f  10, 34 and 53 hectares. 
N ine farm ers are already growing m iscanthus, w ith eight 
indicating the area o f  the crop. This ranged from 4ha to 
60ha, with a  m ean o f 20.6ha and a m edian o f  17.5ha.
4.2 Behavioural intentions
W hen existing growers were asked whether they 
planned to plant more SRC willow on their farm, the 
farmer w ith lOha said 'certainly not', the farmer with 53ha 
said 'probably not', while the farmer w ith 34ha was unsure. 
O f those already growing m iscanthus, two were 'certainly 
not' going to p lant more, two were 'probably not', and one 
was unsure. One fanner said he probably would, while two 
certainly would.
The key questions relating to behavioural intention 
asked farmers who were not already growing perennial 
energy crops 'Are you intending to  plant SRC willow on 
your farm in the next 5 years?', and 'Are you intending to 
plant m iscanthus on your farm in the next 5 years?'
The responses are shown in Figure 2. It can be seen 
that stated intentions towards the adoption o f both crops 
are generally negative, with the m eans for both lying 
betw een 'certainly not' and probably not'. The stated 
intention towards m iscanthus (m ean -1.26) is slightly less 
negative than the stated intention towards SRC willow 
(m ea n -1.37).
A r e  you  in te n d in g  to  p la n t  S R C  W illo w  /  iM ¡scan thus on 
y o u r  fa rm  in  th e  n e x t 5  y e a rs ?
upland', w ith a  mean score o f  -0.5 ( halfway between 





Certainly not Probably not Unsure Probably Certainly
Figure 2: Behavioural intentions towards planting
perennial energy crops
According to the TPB, behavioural intention is a 
reliable predictor o f  actual behaviour i f  at least one o f  the 
three main variables (attitude, subjective norm, or 
perceived behavioural control) correlates strongly w ith the 
stated intention. Table V shows that there is a strong 
correlation between intention to adopt SRC willow and all 
three variables. Thus behavioural intention towards SRC 
willow can be considered reliable, with stated attitude 
having the greatest influence on behavioural intention.
Table V: Correlation o f  main TPB variables with intention 
to adopt SRC willow
Are you in tending  to p lan t SRC W illow on 





Main TPB v aria b les Mean rs
Intention (1) (-2 to +2) -1.37
Stated attitude (SA) (-2 to +2) -0.77 . 586(*‘)
Subjective norm (SN) (-2 to +2) -0.64 .440(**)
Perceived behavioural control (PBC) (-2 to  +2) -0.67 .440C)
** Correlation is significant at the .01 level (1- tailed)
For miscanthus, there are strong correlations between 
intention to adopt and all three m ain variables, as shown in 
Table VI. Thus behavioural intention towards miscanthus 
can be considered reliable, with stated attitude again 
having the greatest influence on behavioural intention, 
followed by perceived behavioural control.
Table VI: Correlation o f  main TPB variables with 
intention to adopt miscanthus.
Are you in tend ing  to  p lan t M iscanthus on 





M ain TPB v a r ia b le s Mean rs
Intention (0 (-2 to +2) -1.26
S tated attitude (SA) (-2 to +2) -0.67 .5 8 5 D
Subjective norm (SN) (-2 to +2) -0.51 .3 4 2 D
Perceived behavioural control (PBC) (-2 to +2) -0.57 .51 i n
** Correlation is significant at the .01 level (1- tailed)
A K ruskal-W allis analysis was undertaken to see i f  there is 
any significant difference in behavioural intention by any 
o f  the categories o f  farm characteristics, farm operations 
and farmer traits (see Tables II to IV). For SRC willow, 
significant differences existed in ju s t  two categories - 
farmland type and the extent o f  farm profit or loss. Table 
VII shows that for farmland type, using the M ann-W hitney 
U-test, there is a  significant difference in  adoption 
intention betw een 'all lowland', with a  m ean score o f -1.45 
(hallway between probably not and certainly not) and 'all
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(-2 to +2) -1.45 -1.20 -1.00 -0.50 .026












/VII lowland ns ns _ .010
Mostly
lowland ns ns ns
H alf and 
half ns ns ns
Mostly
upland
All upland .010 ns ns .
Notwithstanding the small number o f 'a ll upland' farms, 
in policy term s this does not seem to be immediately 
helpful as the adoption intention for 'all upland' farms is 
still negative, even i f  to a  lesser extent than for 'all lowland’ 
farms.
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M odérate
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Break
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.009 .007 . ns 004
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loss
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Significan 
t loss
ns .050 004 034
Table VIII shows the significant differences in SRC 
willow adoption intentions betw een farms that recorded a 
significant loss ( m ean -2.00), and those who broke even 
(m ean -1.00), or had a  moderate profit (mean -1.44) or loss 
(mean -1.30). There are also significant differences 
between those who broke even and those where a moderate 
or significant profit (mean -1.75) was recorded. However 
the means o f  the adoption intentions by extent o f  profit or 
loss all fall betw een 'probably not' and 'certainly not'.
For m iscanthus adoption intentions, a  significant 
difference exists between those who consider them selves to 
be early adopters o f  technology (m ean -1.29) and those who 
responded 'don't know1 (m ean -0.84). A further significant 
difference exists betw een those who do not consider 
them selves to be early adopters o f  technology (m ean -1.41) 
and those who responded 'don't know'. However, there is no 
significant difference betw een those who responded 'yes' 
and those who responded 'no', and there are obvious 
practical difficulties in actually identifying those who don't 
know whether or not they are early adopters. Moreover, all 
three m ean responses were negative, ranging from ju s t 
below  'probably not', to  nearly half-way betw een 'probably 
not’ and 'certainly not'.
Table IX: M iscanthus adoption intentions by w hether the 





n 48 56 25
mean mean mean K-W. Sig
Intention (-2 to +2) -1.29 -1.41 -0.84 .022






D on't know .037 .006
There are also significant differences in  m iscanthus 
adoption intentions by the extent o f  farm profit or loss. 
Table X shows that significant differences exist between 
those recording a  significant loss (m ean -2.00) and those 
who broke even (m ean -1.04) or m ade a  m oderate profit 
(m ean -1.32) or loss (m ean -1.10).












n 8 81 23 10 5
mean mean mean mean mean
K-W.
S :,
-1.63 -1.32 -1.04 -1 .10 -2 .041












profit ns ns ns ns
Moderate
profit ns ns ns .029
Break
even ns ns ns .010
M oderate
loss ns ns ns .036
Significant
loss ns .029 .010 .036
Again these are all negative adoption intentions 
ranging from 'probably not' to 'certainly not'.
4.3 Attitudes
Stated or general attitude towards the adoption o f  SRC 
willow was derived from the response to the statem ent 
'Choosing to plant SRC W illow on my farm in the next 5 
years would be a  good decision'. Possible responses ranged 
from strongly agree to strongly disagree (See Table 1). The 
m ean value tor the stated attitude towards adoption o f  SRC 
w illow  is -0.77 (see Table V). Stated attitude has the 
strongest influence on behavioural intention o f  all three 
m ain TPB variables (See Table V). In order to get a 
m ore detailed understanding o f  attitudes, respondents were 
asked to  indicate their level o f  agreement/disagreem ent 
w ith a  number o f  specific outcome beliefs that had arisen 
from the focus groups. They also had to indicate the level 
o f  importance attached to these outcomes.
Table XI: Outcome beliefs, outcome evaluations and 
attitudes towards the adoption o f  SRC willow
Belief (-2 
t o +2)





SRC Willow will give a high gross 
mar t;in -0.45 1.31 -0.62
Growing SRC Willow to contract will 
¡live m e greater income security -0.32 1.47 -0.35
Growing SRC Willow fits in with my 
current cropping plans -0.89 1.15 -1.11
Growing SRC W illow to contract will 
give m e greater stability o f  income -0.43 1.21 -0.43
It is easy to do the paperwork required 
to grow  SRC Willow to contract -0.08 0.75 -0.17
SRC Willow roots will damage field 
drains -0.42 1.05 -0.99
Growing SRC W illow will reduce the 
flexibility o f  the farm business -0.5 1.03 -0.66
Growing SRC W illow is a good way 
for farmers to help tackle climate 
change 0.31 0.48 0.36
SRC Willow could be a good source o f  
energy for local o r on-farm  use 0.3 -0.11 0.31
The likely costs and returns o f  SRC 
Willow are easy to calculate -0.01 1.33 0.02
Growing SRC is a good opportunity to 
reduce the time spent on farming 
activities 0.22 0.09 0.09
Growing SRC Willow will disrupt my 
cashflow -0.19 1.36 -0.35
M ost o f  the outcome beliefs in Table IX are negative. 
For example, there is moderate disagreem ent (i.e. 
somewhere between unsure and disagree) that SRC willow 
will give a  high gross margin. The outcome evaluations are 
m ostly positive, indicating for exam ple that getting a high 
gross m argin lies somewhere between important and very 
important. M ultiplying these scores through for each 
respondent gives a  calculated attitude score for each 
statem ent. The three m ost negative attitudes relate to SRC 
willow not fitting in  w ith current cropping plans, willow 
roots damaging field drains, and SRC willow reducing the 
flexibility o f  the farm business.
O f key importance in establishing the strength o f  these 
attitudinal influences on intention to adopt is the 
correlation with the stated intent. This shows (Table XII) 
that the most important attitudinal barriers to the adoption 
o f  SRC willow are the b e lie f that growing SRC willow to
contract will not give greater stability o f income, followed 
by SRC willow not fitting in with current cropping plans. 
The next most significant are SRC willow roots damaging 
field drains, the lack o f improved income security from 
SRC willow, reducing the flexibility o f  the farm business, 
and disrupting cashflow.
Table XII: Correlation between calculated attitudes and 






SRC Willow will give a high gross margin -0.62 .101
Growing SRC Willow to contract will give me 
greater income security -0.35 .240C'*)
Growing SRC Willow fits in with my current 
cropping plans -1.11 .3 14{**)
Growing SRC Willow to contract will give me 
greater stability o f  income -0.43 ,342(**)
It is easy to do the paperwork required to grow SRC 
Willow to contract -0.17 .004
SRC Willow roots will damage field drains -0.99 .286(**)
Growing SRC Willow will reduce the flexibility o f  
the farm business -0.66 ,220(**)
Growing SRC Willow is a good way for farmers to 
help tackle climate change 0.36 .058
SRC Willow could be a good source o f  energy for 
local or on-farm use 0.31 .067
The likely costs and returns o f  SRC Willow are easy 
to calculate 0.02 .020
Growing SRC is a good opportunity to reduce the 
time spent on farming activities 0.09 .063
Growing SRC Willow will disrupt my cashflow -0.35 .217(**)
** Correlation is significant at the .01 level (1- tailed)
Interestingly, gross m argin is not significantly 
correlated with intention to adopt SRC willow. This has 
important policy implications. It suggests that simply 
offering more money to formers to grow SRC willow will 
not work unless a  num ber o f other 'preconditions' such as 
concerns over stability and security o f  income from 
contracts, as outlined above, are addressed.
Stated or general attitude towards the adoption o f 
m iscanthus was derived from the response to the statement 
'Choosing to p lant m iscanthus on my farm in the next 5 
years would be a good decision'. Possible responses ranged 
from strongly agree to strongly disagree (See Table I). The 
mean value for the stated attitude towards adoption of 
miscanthus is -0.67 (see Table V). As with SRC willow, 
stated attitude has the strongest influence on behavioural 
intention towards miscanthus o f  all three main TPB 
variables (See Table V). Again in order to get a  more 
detailed understanding o f  attitudes towards adoption o f 
m iscanthus, respondents were asked to indicate their level 
o f  agreement/disagreem ent with a  number o f  specific 
outcome beliefs that had arisen from the focus groups.
Most o f the outcome beliefs (See Table XHl) for 
m iscanthus are negative, although farmers are 
unsure/m ildly disagree that they will damage field drains. 
The outcome evaluations are identical to those previously 
recorded for SRC willow as these questions were combined 
in the interest o f  brevity. Again, multiplying these scores 
through for each respondent gives a  calculated attitude for 
each statement.
Table XIII: Outcome beliefs, calculated attitudes, and 
correlation between calculated attitudes and stated 
intention towards miscanthus.







M iscanthus will give a 
high gross margin -0.35 -0.46 1581 i
Growing M iscanthus to 
contract will give me 
greater income security -0.12 -0.01 .329(**)
Growing Miscanthus fits 
in with my current 
cropping plans -0.63 -0.8 ,423(**)
Growing Miscanthus to 
contract will give m e 
greater stability o f 
income -0.25 -0.22 ,456{**)
It is easy to do the 
paperwork required to 
grow  M iscanthus to 
contract -0.04 -0.13 .064
M iscanthus roots will 
damage field drains 0.12 -0.12 .130
Growing M iscanthus will 
reduce the flexibility o f  
the farm business -0.25 -0.29 .103
Growing M iscanthus is a 
good way for farmers to 
help tackle climate 
change 0.31 0.39 150(*)
M iscanthus could be a 
good source o f  energy 
for local or on-farm use 0.29 0.26 .073
The likely costs and 
returns o f  M iscanthus 
are easy to calculate 0.05 0.15 .I56(*)
Growing M iscanthus is a 
good opportunity to 
reduce the time spent on 
farming activities 0.2 0.15 .016
Growing M iscanthus will 
disrupt my cashflow -0.26 -0.43 .144
* *  Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)
The three most negative attitudes relate to miscanthus 
not fitting in with current cropping plans, not having a high 
gross margin, and disrupting cashflow. Again it is 
important to establish the strength o f  these influences on 
intention to adopt. The final column o f  Table XIU shows 
that the most significant attitudinal barriers to adoption for 
m iscanthus are the belie f that growing m iscanthus to 
contract will not give greater stability o f income, followed 
by m iscanthus not fitting in with current cropping plans, 
and not increasing income security. Less significant 
correlations include miscanthus not having a  high gross 
margin.
4.4 Subjective norm
Stated or general subjective norm towards the adoption 
o f  SRC willow was derived from the response to the 
statem ent 'People whose opinions I value think I should 
plant SRC willow on my farm in the next five years'. 
Possible responses ranged from strongly agree to strongly 
disagree (See Table I). The mean value for the stated 
subjective norm towards adoption o f SRC willow is -0.64 
(see Table V). Stated subjective norm is strongly correlated 
with behavioural intention, with an influence on 
behavioural intention equal to that o f  perceived 
behavioural control but less than that o f  stated attitude (See 
Table V).
A key part o f  any agricultural knowledge transfer 
strategy' is to identify appropriate channels for 
comm unicating w ith farm ers about specific new  policies or 
techniques [24], These trusted sources o f advice and 
influence can be identified by using the TPB. A num ber o f  
salient referents were identified in the focus groups, and 
respondents to  the questionnaire were asked to indicate the 
extent to  which these referents would approve or 
disapprove o f  them  gl owing SRC w illow  on their farms in 
the next five years (subjective belief). They were also 
asked how likely it was that they  would follow the advice 
o f  these referents in relation to the adoption o f  these 
perennial energy crops (motivation to comply).
Table XIV: M ean subjective belief, motivation to comply, 
subjective norm for salient referents with regard to the 
adoption o f  SRC willow, and correlation o f  referent 













Mean Mean Mean r,
W ould the following 
approve or 
disapprove o f  you 
growing SRC 
Willow?
Farmers clubs -0.04 -0.61 0.19 -.019
Existing SRC 
crowers 0.45 -0.12 0.15 .152
O ther farmers -0.13 -0.16 0.35 -.107
SRC Producer 
groups 0.63 -0.17 0.07 ■168(*)
Power companies 0.7 -0.47 -0.28 ,253{**)
Farm ing press 0.41 -0.37 -0.03 ,160<*)
Defra 0.51 -0.47 -0.15 158(*)
Biomass Energy 
Centre 0.88 -0.24 -0.11 ,2o o r )
NFII 0.29 -0.35 0.1 .027
Agronomist -0.25 0 0.1 .093
Own experience /  
judgem ent -0.32 0.28 -0.03 .112
Family -0.32 0.01 0.05 -.031
M embers o f  the 
public 0.28 -0.9 -0.15 .019
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level (1- tailed)
The subjective beliefs listed in Table XIV show that, as 
m ight be expected, fanners think that those who would 
most strongly approve o f them growing SRC w illow  are the 
Biomass Energy Centre (m ean 0.88), power companies 
(m ean 0.70), SRC producer groups (m ean 0.63), and D efra 
(m ean 0.51).
Still w ith a  positive m ean, but closer to ’unsure’ than 
’approve1, are existing SRC growers (m ean 0.45), farming 
press (m ean 0.41), N FU  (mean 0.29) and m em bers o f  the 
public (mean 0.28). Negative means, moving from ’unsure’ 
towards ’disapprove’ were obtained for farm ers clubs (mean 
-0.04), other farmers (m ean -0.13), agronomist (m ean -
0.25), and own experience/judgem ent and family both with 
a  m ean o f  -0.28.
W hat is particularly interesting is the motivation to 
comply with the various salient referents, which tends to be 
negative, but not strongly. This w ould support the findings 
from the focus groups [30] that farmers are sceptical o f  
certain interests, that there is a need for clear, unbiased 
information, and that farm ers really  don’t know where to 
turn  for advice on perennial energy crops. Indeed the mean 
for own experience/judgem ent (0.28) suggests that farmers 
do not have confidence in their own judgem ent on
perennial energy crops. The least negative means, 
following own experience/judgem ent and family are 
agronomist (m ean 0), existing SRC growers (m ean -0.12), 
other farm ers (m ean -0 .16) and SRC producer groups 
(m ean -0.17). This would suggest that the current practice 
o f  farm open days, where prospective adopters view SRC 
w illow  being grown and harvested are a  relatively effective 
way o f  getting information across.
M ultiplying through the scores for subjective belie f and 
motivation to  comply for each individual we get the 
referent subjective norm. Looking at the correlation o f  the 
referent subjective norms with intent in isolation, one 
might be forgiven for thinking that power companies are 
the best channel for extending information to potential 
growers o f  SRC willow. However, as we have seen, this 
strong correlation with intent is in fact due to the negative 
m otivation to  comply w ith a  referent who approves o f  an 
activity that the m ajority o f  respondents do not in fact plan 
to undertake.
Stated or general subjective norm towards the adoption 
o f  m iscanthus was derived from the response to the 
statem ent ’People whose opinions I value think I should 
plant m iscanthus on m y farm in the next five years'. 
Possible responses ranged from strongly agree to  strongly 
disagree (See Table I). The mean value for the stated 
subjective norm  towards adoption o f m iscanthus is -0.51 
(see Table VI). Stated subjective norm is strongly 
correlated with behavioural intention, but with an influence 
on behavioural intention less than that o f  both perceived 
behavioural control and stated attitude (See Table VI).
Respondents to the questionnaire were asked to 
indicate the extent to  which the salient referents would 
approve or disapprove o f  them growing m iscanthus on their 
farms in the next five years (subjective belief). Their 
motivations to comply with these salient referents are 
identical to those previously recorded for SRC willow as 
these questions were combined. This followed feedback 
from the pilot survey where it was identified that the 
questionnaire was too long.
The subjective beliefs listed in Table XV show that, 
again as m ight be expected, farmers think that those who 
would most strongly approve o f  them growing m iscanthus 
are the Biomass Energy Centre (mean 0.78), power 
companies (m ean 0.70), and miscanthus producer groups 
(mean 0.65).
Still w ith a  positive m ean, but closer to 'unsure' than 
'approve', are Deffa (m ean 0.49), existing m iscanthus 
growers (m ean 0.43), farm ing press (m ean 0.33), NFU 
(m ean 0.24) m em bers o f  the public (m ean 0.08), and 
farmers clubs (0.03). Negative means, m oving from 'unsure' 
towards 'disapprove' were obtained for other farm ers (mean 
-0.01), agronomist (m ean -0.17), family (m ean o f  -0.21), 
and own experience/judgem ent w ith a  m ean o f  -0.22.
These subjective beliefs are very close to those given 
for SRC willow, and underline the uncertainty as to what 
farmers believe m any referents actually think about the 
adoption o f perennial energy crops.
Tabic XV: Mean subjective belief, m otivation to comply, 
subjective norm for salient referents with regard to the 
adoption o f  m iscanthus, and correlation o f  referent 





to  comply 
(-2 t o +2)
Subjective 





Mean Mean Mean r.
W ould the following 
approve o r disapprove 
o f  you growing 
M iscanthus?
Farmers clubs 0.03 -0.61 0.16 -.019
Existing M iscanthus 
growers 0.43 -0.12 0.33 .152
O ther farmers -0.01 -0.16 0.35 -.107
M iscanthus producer 
groups 0.65 -0.17 0.2 .1 6 8 0
Power companies 0.70 -0.47 -0.17 .2 5 3 0 )
Farm ing press 0.33 -0.37 0.02 .1 6 0 0
Defra 0.49 -0.47 -0.08 .1 5 8 0
Biomass Energy 
Centre 0.78 -0.24 -0.02 .2 0 0 0
NFU 0.24 -0.35 0.14 .027
Agronomist -0.17 0 0.3 .093
Own
experience/j udgement -0.22 0.28 0.08 .112
Family -0.21 0.01 0.15 -.031
M embers o f  the public 0.08 -0.90 0.02 .019
** Correlation is significant at the .01 level (1- tailed)
* Correlation is significant at the .05 level ( 1- tailed)
M ultiplying through the scores for subjective belief and 
motivation to  comply for each individual we get the 
referent subjective norm. Looking at the correlation o f  the 
referent subjective norms with intent in isolation, it again 
appears that power companies are the best channel for 
extending information to potential growers o f  miscanthus. 
However, once more this strong correlation with intent is in 
fact due to the negative motivation to comply with a 
referent who approves o f  an activity' that the majority o f  
respondents do not in  fact plan to undertake.
4.5 Perceived behavioural control
Perceived behavioural control in respect o f  the adoption 
o f  SRC willow was obtained from the mean value o f 
responses to two statem ents relating to difficulty and 
ability. The first was 'How difficult would it be to grow 
SRC willow on your form in the next 5 years?'. Possible 
responses ranged from very difficult to very easy (See 
Table I). The second was 'How confident are you o f  being 
able to grow SRC willow on your farm in the next 5 
years?'. Possible responses ranged from very confident to 
not at all confident (See Table 1).
The mean value for perceived behavioural control in 
respect o f  the adoption o f  SRC willow is -0.67 (see Table
V). This correlates strongly w ith stated intent, and exerts a 
sim ilar level o f  influence on intent as stated subjective 
norm, but less influence on intent than stated attitude (See 
Table V).
W hen the two components o f  perceived behavioural 
control in respect o f the adoption o f SRC willow are 
viewed independently (See Table XVI), farmers see 
growing SRC w illow  as moderately difficult (mean -0.38), 
but when it comes to confidence in their ability to grow it, 
they are not very confident (mean -0.97). Both ability and 
difficulty are strongly correlated with behavioural intent, 
w ith ability exerting the stronger influence.
Table XVI: M ean scores for PBC, Difficulty and A bility in 
respect o f  the adoption o f SRC Willow, and correlation 
with intent.
A re you in tend ing  to p lan t SR C  Willow on 





M ain T P B  variab les Mean rs
Intention (I) (-2 to +2) -1.37
PBC ( -2  to +2) -0.67 .440(** )
Difficulty -0.38 .3 0 1 0 )
Ability -0.97 .5 0 1 0 )
* *  Correlation is significant at the .01 level (1- tailed)
These results would appear to support the view from 
the focus groups that specialist contractors would be 
needed for SRC establishm ent and harvesting due to the 
requirem ent o f  specialist equipment [30],
Perceived behavioural control in respect o f  the adoption 
o f  m iscanthus was obtained in the same way - from the 
mean value o f responses to two statements relating to 
difficulty and ability'. The first was H ow  difficult would it 
be to grow m iscanthus on your farm in the next 5 years?'. 
Possible responses ranged from very difficult to very easy 
(See Table I). The second was H ow  confident are you of 
being able to grow miscanthus on your farm in the next 5 
years?'. Possible responses ranged from very confident to 
not at all confident (See Table I).
The mean value for perceived behavioural control in 
respect o f  the adoption o f m iscanthus is -0.57 (see Table
VI). This correlates strongly with stated intent, and exerts 
more influence on intent than stated subjective norm, but 
slightly less influence on intent than stated attitude (See 
Table VI).
W hen the two components o f  perceived behavioural 
control in respect o f  the adoption o f  miscanthus are viewed 
independently (See Table XVII), farmers see growing 
m iscanthus as m oderately difficult (mean -0.35), but when 
it comes to confidence in their ability to grow it, they are 
not very confident (m ean -0.81). Both ability and difficulty 
are strongly correlated w ith behavioural intent, w ith ability 
exerting the stronger influence.
Table XVII: Mean scores for PBC, Difficulty and Ability 
in respect o f  the adoption o f miscanthus, and correlation 
with intent.
A re you in tend ing  to p lan t M iscnnthus on 





M ain T P B  variables Mean rs
Intention (I) (-2 to +2) -1.26
(PBC) (-2 to +2) -0.57 .5 1 1 0 )
Difficulty -0.35 .3 8 7 0 )
Ability -0.81 .5 7 8 0 )
* *  Correlation is significant at the .01 level (1- tailed)
5 DISCUSSION
W hile it is fairly common for farm ers not to admit to 
outside sources o f  influence in open discussion [28], other 
postal surveys have elicited a  num ber o f  positive mean 
sources o f  influence [24, 27]. This reinforces the perception 
from the focus groups [30] that farm ers d o n 't know who to 
turn  to for advice on perennial energy crops. However, the 
mean values do not tell the whole story. Table XVIH lists 
the num ber who indicated that they would be likely or 
highly likely to follow the advice o f  specific salient 
referents.
Table XVIII: The num ber o f  respondents indicating that 
they  w ould be likely or highly likely to follow the advice o f 
specific salient referents.
O wn experience/judgem ent 55
Agronomist 45
Existing SRC willow /  miscanthus growers 41
Family 41
O ther farmers 38
SRC willow /  miscanthus producer groups 35




Pow er companies 23
Fanners clubs 15
M em bers o f  the public 10
Tt can be seen that in term s o f  non-fam ily referents, the 
five most likely sources o f  advice are agronomists, existing 
SRC w lllow /m iscanthus growers, other farm ers, SRC 
willow/m iscanthus producer groups, and the Biomass 
Energy Centre. This tends to support findings from the 
focus groups [30] that site visits and talking to  existing 
growers are good ways o f  obtaining information, as is 
sharing information with other farm ers through producer 
groups and co-operatives. It was thought by focus group 
participants that the Biomass Energy Centre had the 
potential to become a trusted  source o f information [30]. To 
this can be added the suggestion that involving agronomists 
in open days organised by  existing growers and producer 
groups would seem to be a reasonable way o f  prom oting 
knowledge transfer among potential adopters.
Farm ers do not, in general, seem to know a  great deal 
about perennial energy crops, hi response to the question o f 
whether SRC w illow  will give a  high gross m argin, 64%  
were unsure, and for m iscanthus, 67%  were unsure. 
Unsurprisingly, in answer to the question o f  whether the 
likely costs and returns o f  SRC willow are easy to 
calculate, 80%  were unsure, and 72%  unsure for 
miscanthus. Likewise 85%  were unsure whether the 
paperwork required to grow SRC willow to contract was 
easy, with 79%  unsure about the paperwork required for 
miscanthus.
The finding that gross m argin is not significantly 
correlated with behavioural intent for SRC willow, and is 
less significantly correlated than a  num ber o f  other 
attitudinal factors for m iscanthus is o f  importance for
policy m akers. It suggests that sim ply increasing the gross 
m argin for perennial energy crops will not be an effective 
way o f  encouraging increased farmer uptake unless a 
num ber o f  issues such as those relating to security and 
stability o f  income from contracts are addressed. The 
proposed banding o f  the Renewables Obligation [21], 
intended to give a greater financial reward to those growing 
perennial energy crops, may not therefore bring about an 
increase in adoption unless the issues m entioned above are 
addressed at the same time.
6 CONCLUSION
It seems unlikely that the theoretical potential o f 
perennial energy crops in the UK will be realised unless a 
num ber o f  barriers to adoption are overcome. For both SRC 
willow and miscanthus, these include concerns about the 
security and stability o f income from contracts. Specifically 
in relation to SRC willow, farmers have concerns over 
disruption to cashflow, reduction in the flexibility o f  the 
farm business, and damage to  field drains from willow 
roots.
W hile farmers in general don’t  consider that 
m iscanthus or SRC willow will give a  high gross margin, 
sim ply increasing the financial return from these crops 
w ithout addressing the concerns outlined above is unlikely 
to  result in widespread uptake.
In term s o f  further research, farm-level m athematical 
program m ing techniques will be used to  identify the level 
o f  uptake that m ight be expected at different gross margins 
i f  the barriers identified in this paper are overcome, and 
assum ing profit m axim isation as the objective.
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1. Introduction
In seeking bo th  to  tackle c lim ate change and ensu re  th a t the  
UK has a secure  supply  of affordable energy, th e  UK G overnm ent 
is p roposing a significant expansion in th e  generation  o f energy 
from  renew able  sources (DECC, 2009a). U nder th e  Renew able 
Energy Directive, th e  UK is com m itted  to th e  EU w ide  targ e t to 
source  20% of th e  EU’s to ta l energy use from  renew able  sources by 
2020. The UK’s con tribu tion  tow ards th is ta rg e t is to  provide 
renew ab le  sources for 15% of its to ta l energy  use by  2020 
(E uropean P arliam ent and Council o f th e  European Union, 2009). 
This w ou ld  rep re sen t a ten-fo ld  increase in levels o f renew able  
gen era tio n  over th e  nex t 12 years. The UK G overnm ent's Renew ­
able Energy Strategy, w hich outlines how  th is level o f generation  
could be  achieved indicates th a t a round 30% of th e  UK renew able  
energy  ta rg e t could com e from  biom ass (DECC, 2009a).
The te rm  'b iom ass ' covers a range o f renew able  fuels derived 
from  organic m atte r, o f w hich th ere  are a n u m b er o f possible 
sources in the  UK. These include landfill gas, sew age gas, forestry, 
w ood w aste , conventional agricultural crops such as w h ea t and 
oilseed rape, straw , perennial energy crops, and  agricultural w aste  
(RCEP, 2004; Defra, 2007).
To increase  available biom ass, Defra (2007) favours obtain ing 
an  add itional 1 m illion dry  tonnes o f w ood per annum  from
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w oodland  and w ood w aste, m ore use o f m anures and slurries, and 
a substan tia l g row th  in th e  up take  o f perennial energy crops such 
as sh o rt ro ta tion  coppice (SRC) w illow  and m iscanthus. Of th ese  
sources, it is th e  an tic ipa ted  change in levels of perennial energy 
crops th a t is m o st dram atic, from u n d e r 16,000 hectares (ha) at 
p re sen t to  350,000 ha by 2020. This rep resen ts approxim ately  a 
20-fold increase, and w ould  occupy roughly 6.5% o f UK arab le  and 
se t-aside  land (Defra, 2007). The Renew able Energy S trategy is 
even m ore am bitious, w ith  a supporting  annex, looking a t bo th  
a rable and pastu re  land suggesting th a t th e  potential could be up 
to  2.2 m illion ha  by  2030 (E4Tech, 2009).
Perennial energy crops can be considered as a  novel en terp rise  
for UK farm ers, bo th  in term s of th e ir  cultivation, and in their 
position  a t th e  interface be tw een  agricultural and energy policy. 
This brings a g rea te r nu m b er o f uncertain ties than  exist w ith 
conventional agricultural activities (Sherrington e t al., 2008), and 
a nu m b er of financial and non-financial barriers to  the  adoption  of 
such crops by  UK farm ers have been identified. These include 
concerns over th e  security  and stability  o f incom e from  contracts, 
d isrup tion  to  cashflow, and reduced  farm  business flexibility 
(Sherrington e t al., 2008; Sherrington and M oran, 2008). This 
pap er builds on existing understand ing  by using a farm -level 
linear p rogram m ing  m odel to  investigate theoretical up take  in 
energy crops a t d ifferent gross m argins (revenue m inus variable 
costs) u n d e r the  assum ption  of a profit-m axim ising decision 
m aker, and in  th e  absence of know n barriers to  adoption. The 
findings suggest th a t SRC w illow  at cu rren t prices rem ains 
un a ttrac tiv e  for m o st farm  types purely on a gross m argin  basis,
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even before  accoun ting  for concerns such  as th e  im p ac t o f roots 
on field drains, and  th e  secu rity  o f th e  con tracts available, 
a lth o u g h  p o ten tia l does ex is t for g rea te r financial re tu rn s  as the  
m ark e t for h e a t from  SRC w illow  develops. M iscanthus, how ever, 
is cu rren tly  m o re  a ttrac tiv e  on a g ross m arg in  basis, an d  the  
m odelling  suggests th a t  ad o p tio n  should , in  theory , be  w id e ­
spread . T here a re  few er non-financial barrie rs to  th e  ad op tion  of 
m iscan th u s th an  SRC w illow  (Sherring ton  e t al., 2008), and  prices 
now  available on  con tracts to  supply  m iscan th u s for co-firing a t 
th e  UK's largest coal fired p o w er sta tio n  (Farm ers W eekly, 2008; 
Farm ers G uardian, 2008) m ake th is crop  considerab ly  m ore 
a ttractive .
The p a p e r is s tru c tu red  as follow s. The n ex t section  com pares 
estim a tes  o f th e  theo re tica l po ten tia l o f perenn ial energy  crops 
w ith  actual up tak e  to  da te , before rev iew ing  cu rren t 
u n d e rs tan d in g  of b a rrie rs to  energy  crop adop tion . The m eth o ­
dology for app lication  of th e  lin ea r p rogram m ing  m odel and  its 
in p u ts  are  th e n  described, an d  th e  resu lts  a t th e  farm -level, and 
on aggregate, su b seq u en tly  p resen ted . A d iscussion  section  
considers th e  resu lts  in th e  co n tex t o f  su p p o rt for energy  crops 
th ro u g h  energy  an d  agricu ltu ra l policies, and  th ro u g h  con tracts. A 
n u m b er o f issues o f policy significance are  h igh lighted , follow ed 
by som e reco m m en d a tio n s and  concluding com m ents.
2. Theoretical potential o f energy crops in the UK
The th eo re tica l p o ten tia l o f  energy  crops is e stim a ted  by Defra 
to  be 17.2 T W h1 (1.48 M toe)2 p e r an n u m , w h ile  cu rre n t avail­
ab ility  is 0 .0 7 -0 .0 9  M toe p e r an n u m  (Defra, 2007). To reach  th is 
p o ten tia l by 2020 w ould  requ ire  350,000 ha  of land, w h ich  is 
roughly  6.5% o f UK a rab le  and se t-as id e  land, a ssum ing  an  average 
annual yield o f 9 oven dried tonnes (odt) p e r  h ectare  
(Defra, 2007). The R enew ables innovation  Review (DTI, 2003), 
th e  original source  of th e  above theo re tica l po ten tia l, suggests th is 
is a realistic  area  once a n u m b er o f constrain ts, including 
com petition  from  o th e r m arkets , a re  taken  in to  account.
A recen tly  developed  range  of energy  crop scenarios used  to 
inform  th e  R enew able Energy S tra tegy  suggests th a t by  2030, 
u sing  bo th  a rab le  and  p astu re  land, th e  p o ten tia l could be u p  to
2.2 m illion  ha (E4Tech, 2009).
H ow ever, th e  actual realisa tion  of th e  p o ten tia l for th ese  crops 
depends upon fa rm er behav iour—w h e th e r  o r no t individual 
farm ers choose to  g row  SRC w illow  an d /o r m iscan thus. Experi­
ence to  da te  suggests th a t  fa rm er beh av io u r could be an 
im p o rta n t co n stra in t on  realising  w idesp read  up take, on th e  scale 
iden tified  by th e  estim a tes  above. \
Defra’s Energy Crops Schem e, w hich  provides estab lish m en t 
g ran ts  for SRC w illow  and m iscan thus, w as in ten d ed  to su p p o rt 
th e  p lanting , by  2006, o f 16,700 ha  of SRC and 5000 ha of 
m iscan th u s in England (ADAS, 2003). W hen  th e  schem e closed 
to  app lications, in July 2006, only 1180 ha of SRC and  3356 ha of 
m iscan thus had  been  p lanted , how ever, increased  in te re s t in the 
paym en ts, saw  applications for p lan tin g  in  2007 se t to  take th e  
a rea  o f m iscan th u s to  12,627 ha, and  SRC to  2600  ha in England 
(Defra, 2006).
In Scotland, th e  a rea  p lan ted  or approved  for p lan tin g  up until 
th e  end  of 2006 w as 300 ha, w ith  applications for p lan ting  in 2007 
and  2008 am o u n tin g  to a ro u n d  600 ha (SAC, 2007a). In N orthern  
Ireland, 810 ha of SRC have b een  p lan ted  o r approved  for p lan ting  
(DARDNI, 2007), w h ile  in W ales th e re  is know n to be 4 0  ha  o f SRC 
and  72 ha  of m iscan thus (W elsh A ssem bly G overnm ent, 2007).
1 T e r a w a t t  h o u r s  ( o n e  t e r a W a t t  is  a t r i l l i o n ,  o r  1 0 '2 W a t t s ) .
2 M i l l i o n  to n n e s  o f  o i l  e q u iv a le n t .
The la test p u b lished  figure for th e  to ta l area o f perennial 
energy  crops in th e  UK is 15,546 ha for SRC w illow  and 
m iscan thus com bined  (Defra, 2007), how ever it is believed that 
th e  p lan ted  a rea  is no w  a round  17,000 ha (RELU, 2009).
3. Farmer attitudes and intentions towards the adoption 
o f perennial energy crops
Focus g roup  research  involving ex isting  and  po ten tial growers 
o f SRC w illow  and m iscan thus (Sherring ton  e t al., 2008) revealed a 
b road consensus th a t the  p rincip le  factor affecting a farm er’s 
decision w h e th e r  o r no t to grow  perennial energy  crops was 
p e rcep tion  o f th e  level, and  th e  security , o f th e  financial return.
Of key im p ortance  to  focus g roup  p a rtic ipan ts w as the 
estab lish m en t g rant. Very few  w ould  consider g row ing  perennial 
energy  crops in the  absence of th e  g rant, due  to high up fron t costs 
and uncerta in tie s  over th e  resu lting  n e t incom e (Sherrington 
e t al., 2008). How ever, th e  e stab lish m en t g ran t has since been 
reduced  from  £1000/ha  to  a typical level o f £665 /ha  for SRC 
w illow , an d  from  £920 to  £800/ha for m iscan thus (Jones, 2007). 
From the  perspective  of farm ers tak ing  p a rt in th e  focus groups, 
th is w ould  m ake th e  crops less a ttractive .
Farm ers fe lt th a t th e  lack o f an  incen tive  for ren ew ab le  heat 
w as a significant b a rrie r to  th e  d evelopm en t o f energy  crop 
supply, particu larly  for SRC w illow . There w as a keen aw are­
ness th a t  th e  financial re tu rn  could be g rea te r if farm ers 
w ere  supplying local schools, hospitals o r leisure cen tres. It was 
fe lt th a t supply  to  large e lectricity  gen era to rs  w ou ld  never be 
th e  m o st financially a ttrac tiv e  option . This v iew  is supported  
by  V alentine e t al. (2008), w ho  consider th a t SRC w illow  is 
cu rren tly  undervalued , and th a t  h igher prices should  be 
achievable as th e  m ark e t develops and  th e  in h ere n t energy  value 
is fully recognised.
Follow up  research (Sherrington and Moran, 2008) in th e  fonn of 
a w ider postal survey of UK farm ers’ a ttitudes and behavioural 
in tentions tow ards perennial energy crops identified th a t perception 
of financial re tu rn  w as not sim ply a question of anticipated gross 
margin. Of g reater concern w as the  security and stability of income 
from contracts, disruption  to cashflow, and reduced fann  business 
flexibility. Specifically in relation to SRC willow, there  w ere  worries 
about dam age to field drains from th e  roots.
The op p o rtu n ity  cost o f grow ing perennial energy  crops was 
also a concern to  focus g roup  partic ipan ts . W hile th e  price of 
w h e a t and  o th e r annual crops has increased  d ram atically  in 
recen t years, th e  price offered for SRC w illow  and m iscan thus was 
n o t fe lt to  have risen  m uch  a t all (Sherrington e t al., 2008). 
M oreover, farm ers a re  fam iliar w ith  annual crops, for w hich  there 
is a w ell developed  m arket. W hile farm ers m ay  n o t a lw ays g e t the 
price th ey  are  expecting  w ith  w heat, th ey  know  th ey  w ill a t least 
be  ab le  to  sell it, w h ereas for perennial energy  crops, th e  lack of a 
developed m arke t m eans farm ers a re  concerned ab o u t being  left 
w ith  a crop th a t no-one w ill buy. The m ajority  of focus group 
p a rtic ip an ts fe lt it w as difficult to  calculate th e  re tu rn s from 
energy crops d u e  to  u n certa in ty  over costs, yields, and prices. In 
con trast, farm ers w ere  very  aw are  o f re tu rn s  from  conventional 
annual crops and  a t w h a t prices and  yields th ey  w ou ld  be 
profitable (Sherrington e t al., 2008). There is also the  issue of 
flexibility, w ith  farm ers valu ing  th e  ability  to  sw itch  crops y ear on 
y ear—som eth ing  th a t w ould  no t be possib le  on land  com m itted  
to  perenn ial energy  crops (Sherring ton  e t al., 2008).
U niversity  o f Cam bridge (2005) identifies th a t  farm ers are 
often  re lu c tan t to  sw itch  from  one annual crop w ith  w hich  they 
are  fam iliar to  a n o th e r less fam iliar annual crop. This inertia 
m eans th a t farm ers m ay no t im m edia tely  sw itch  on th e  basis of 
an increased  gross m argin. For m iscan thus and SRC w illow  the
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differences a re  g rea te r still. SAC (2007a) s ta tes  th a t for m o st farm  
businesses SRC w illow  rem ains un a ttrac tiv e  due to  th e  long term  
co m m itm en t required , loss o f cropping flexibility, and lim ited 
m arket. It is suggested  th a t to overcom e these  issues and  achieve 
large scale plantings, SRC w illow  re tu rn s w ould  have to 
significantly  exceed those achievable in conventional arable 
system s (SAC, 2007a).
How ever, e stim ating  th e  requ ired  level o f  re tu rn  is very 
difficult as th e  risks involved in grow ing  perenn ial energy crops 
a re  o f a d ifferent kind to those associated  w ith  annual crops. 
C om parison o f tw o  annual crops m igh t be based on th e ir  average 
yield and price over a n u m b er o f years, and th e  variance of those 
factors, w ith  a h igher variance ind icating  a g rea te r risk. For 
perenn ial energy crops th ere  is no such track  record of yield and 
price to w hich farm ers can refer w ith  confidence. Indeed, along 
w ith  y ield and price risk, th ere  is regu latory  risk, arising  from  both 
agricultural and energy policy. The suspension of th e  estab lish­
m en t g ran t and th e  su b seq u en t low ering  of th e  p ay m en t level is 
an  exam ple  of th e  form er, w hile  ongoing am en d m en ts as to  the  
s ta tu s o f co-firing w ith in  th e  RO (Sherrington e t al., 2008), and 
su b seq u en t banding  of ROCs (OPSI, 2009) a re  exam ples o f the  
latter. There is also in stitu tiona l risk, in term s of th e  confidence 
th a t  farm ers have in th e  security  of paym ents available th rough  
contracts (Sherrington e t al., 2008).
W hile difficult to  m odel, th e  fact th a t farm ers’ percep tions of 
th e  risks associated  w ith  perennial energy crops have been 
identified  is an im p o rtan t step . As M eijer e t al. (2007) p o in t out, 
identify ing  d o m in an t sources o f u n certa in ty  can deliver valuable 
insigh ts for policy m akers, w ho  m ay choose to  act to  tackle these  
barrie rs to  adoption . Sherrington e t al. (2008), for exam ple, 
suggest th a t fa rm er confidence in th e  security  o f th e  contracts 
could be  increased th rough  governm ent u n d erw riting  or som e 
form  of insurance.
This p ap er therefore  abstrac ts from  these  uncertain ties, and 
looks a t the  level o f financial re tu rn  required  to m otivate  farm ers 
to  ad o p t perennial energy  crops u n d e r the  assum ption  of a profit 
m axim ising decision m aker, and in the  absence o f previously 
identified  barriers.
4. Methodology for application o f the farm level model
A generic  lin ea r program m ing  m odel for farm -level analysis, 
developed a t the  Scottish Agricultural College (SAC) w as used  to 
assess th e  likely up take  of perenn ial energy  crops a t different 
gross m arg ins u n d e r th e  assum ption  of a profit m axim ising 
decision m aker, as ou tlined  above. The m odel can be calibra ted  to  
re p re sen t any  particu lar farm  situation , in term s of basic resource 
endow m ents, and run  using  Visual Basic for Applications and 
M icrosoft Excel Solver to  sim ula te  rep resen ta tive  o r real farm  
situations. The m odel has been used in various studies, e.g. Revell 
and O glethorpe (2003), to  analyse th e  econom ic im pacts o f policy 
developm ents on farm  businesses, particu larly  re la ting  to  how  
en te rp rise  su b stitu tio n s m ay occur. The m odel incorporates all 
m ajo r cropping and livestock activ ities carried ou t on UK farm s 
and  can th u s be calib ra ted  for all m ainstream  farm ing types 
(U niversity  o f Cambridge, 2005). The objective function  of the  
m odel is to m axim ise th e  overall farm  gross m argin  (revenue 
m inus variab le  costs) in a single y ear (SRC w illow  and m iscan thus 
gross m argins are  therefore  rep resen ted  as annual equ ivalen t 
values) w ith in  th e  constra in ts o f available resources such as land, 
labour, and m achinery.
Gross m argins a re  no t explicitly en te red  in to  th e  m odel for 
conventional crops, b u t are im plicit from th e  variable costs 
involved in production , re la ting  for exam ple to  seeds, fertiliser, 
and herbicides, and th e  revenue based  on th e  y ield and th e  prices
received. For th e  purposes o f this exercise, energy crops are 
included in th e  m odel as an ex tra  activity  available to  th e  farm er. 
This energy crop option does have an explicit gross m argin. The 
m odel proceeds th rough  a n u m b er o f runs, w ith  th e  objective of 
m axim ising the  w hole  farm  gross m argin. W ith  each ru n  of the  
m odel, the  gross m argin  a ttrib u ted  to energy crops is gradually  
increased, and th e  effect o f th is on the  am o u n t o f land allocated  to 
energy crops is observed. Having identified th e  gross m argin th a t 
is necessary  to bring  ab o u t a certain  level of uptake, th e  price/ 
y ield /subsidy  com bination  necessary  to achieve such a gross 
m argin  is considered.
Fixed costs a re  included in th e  m odelling in o rder to calculate a 
ne t m argin  for SRC and m iscanthus, b u t th e  allocation of land to 
energy crops in the  m odel is de term ined  sim ply by th e  energy 
crop’s gross m argin. It is considered likely th a t for m ost farm ers 
th e  estab lish m en t and harvesting  of perennial energy crops will 
be u n d ertak en  by contractors (University of Cambridge, 2005; 
Sherrington e t al., 2008), and th is is reflected in th e  m odel w here  
th ese  activities m ake no call on the  farm 's labour or m achinery 
resources. For conventional crops, how ever, farm s have a choice 
o f using on-farm  m achinery  and labour, w hich is effectively a 
fixed-cost aspect, o r alternatively , once these  resources are fully 
allocated, con tractors and re la ted  m achinery can be brough t in. It 
is w o rth  noting  th a t th e  use  o f con tractors for conventional crops 
rep resen ts  a  variab le  cost a ttrib u ted  to th e  specific activity, and 
w ill therefore  reduce th e  gross m argin o f th a t p a rticu lar activity.
It w as decided n o t to  a tte m p t explicitly to  consider risk  w ith in  
th e  m odel because, as ou tlined  above, th e  risks associated w ith  
grow ing perenn ial energy crops are different from  those re la ted  to 
conventional crops. In addition  to poten tial variations in price and 
yield, a n u m b er o f specific concerns stem  from  th e  position of 
perennial energy crops a t the  interface of agricultural and energy 
policy. Alongside th is changing regu latory  fram ew ork is the  
perceived in stitu tiona l risk associated  w ith contracts. The 
approach  taken, therefore, is to  abstrac t from these  previously 
identified  risks (Sherrington e t al., 2008; Sherrington & M oran,
2008) and exam ine theoretical up take un d er th e  assum ption  th a t 
these  barrie rs to  adoption  had effectively been tackled  th rough  
policy in terven tion .
The m odel w as used  by U niversity o f Cam bridge (2005) to 
pred ic t up tak e  of perenn ial energy crops a t different gross 
m argins across four o f th e  m ajo r farm  types (cereal farm s, m ixed 
farm s, general cropping farm s, cattle  and  sheep (low land) farm s). 
However, in th e  con tex t o f  th e  su b sequen t significant global rise 
in th e  price o f agricultural com m odities such as w h ea t (FAO, 
2007; Farm ers W eekly, 2009b) and th e  role th a t biom ass is due to 
play in th e  UK G overnm ent’s approach to  tackling clim ate change 
(DECC, 2009a) it is im p o rtan t to  reassess th e  gross m argins th a t 
w ould  be requ ired  to  stim u la te  p roduction  to  th e  level necessary 
to  m ee t th e  theo re tical po ten tial. The four represen ta tive  farm  
types a re  d istingu ished  in th e  m odel principally  on th e  basis of 
th e  nu m b er o f hectares o f different land types available for 
different activities. As in th e  University of Cambridge (2005) 
study, each of th e  farm  types w ere  split into th ree  size groups 
based  on classifications from  th e  Farm Accounts in England 
(Defra, 2002) (see Table 1). As w ith  th e  University of Cambridge 
(2005) study, w ith in  th e  m odel energy crop production  can only 
occur on tillab le land. It is recognised th a t th is is a sim plification 
in th a t  som e farm ers m ay choose to  p lan t perennial energy crops 
on less p roductive  soils, a lthough  th e  yield and therefore gross 
m arg in  w ould  be  low er in these  cases.
W ith  an  increase in agricultural com m odity  prices over th e  
past few  years, UK farm ers are now  achieving h igher gross 
m argins for a n u m b er o f conventional crops. A typical gross 
m argin for w in te r  w heat, for exam ple, has increased from  £301 /ha 
(University of Cambridge, 2005) to £738/ha (SAC, 2007b). W hile
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Table 1
F a rm  t y p e s  u s e d  i n  m o d e l l in g  e x e rc is e .





Perm an en t pasture  
(ha)
Tillable
C e re a l S m a ll 6 0 0 .5 8 .7 5 0 .8
M e d iu m 1 4 3 1.1 1 3 .5 1 2 8 .4
L a rg e 3 9 2 1.2 2 1 .5 3 6 9 .3
M ix e d S m a l l 9 0 0 .1 2 9 6 0 .9
M e d iu m 1 2 5 0 .5 3 7 .1 8 7 .4
L a rg e 2 8 6 6 .6 6 9 .6 2 0 9 .8
G e n e r a l  c r o p p in g S m a ll 6 8 0 4 6 4
M e d iu m 8 8 0.1 8 .7 7 9 .2
U r g e 3 5 9 3 .7 2 3 .4 3 3 1 .9
C a t t le  a n d  s h e e p  ( lo w la n d ) S m a l l 8 0 2 5 1 .2 2 6 .8
M e d iu m 1 21 0.1 7 8 4 2 .9
L a rg e 2 0 5 5 9 1 .4 1 0 8 .6
Table 2
Y ie ld s ,  o u t p u t s ,  v a r ia b le  c o s ts  a n d  g ro s s  m a r g in s  o f  c o n v e n t io n a l  c r o p s  (S o u rc e :  F a rm  M a n a g e m e n t  H a n d b o o k ;  SA C , 2 0 0 7 b ) .
W i n t e r  w h e a t W i n t e r  b a r le y W in t e r  o a ts O ils e e d  r a p e F ie ld  b e a n s
Y ie ld
Y ie ld  ( g r a in / s e e d )  ( t / h a ) 8 7 .5 7 .5 4 5
Y ie ld  ( s t r a w )  ( t / h a ) 5 .2 5 .6 6 .4
O u t p u t
G r a in /s e e d  ( £ / t ) 1 1 5 1 0 5 1 0 5 1 8 5 1 3 5
S t r a w  ( £ / t ) 2 5 3 0 3 5
G r a in /s e e d  ( £ /h a ) 9 2 0 7 8 8 7 8 8 7 4 0 6 7 4
S t r a w  ( £ /h a ) 1 3 0 1 6 8 2 2 4
T o ta l  o u t p u t  ( £ /h a ) 1 0 5 0 9 5 6 1 0 1 2 7 4 0 6 7 4
V a r ia b le  c o s ts
S e e d  ( £ / t ) 2 7 5 2 7 0 2 9 0 7 0 0 0 3 5 0
S e e d  ( £ /h a ) 6 3 5 9 5 5 4 5 8 8
F e r t i l i s e r 1 4 3 1 3 4 9 8 1 2 7 31
C o n t r a c t 4 8 4 8
S p ra y s 9 2 6 0 5 9 8 4 91
O t h e r  c r o p  e x p e n s e s 1 4 1 5 17
T o ta l  v a r ia b le  c o s ts  ( £ /h a ) 3 1 2 2 6 8 2 2 9 3 0 4 2 5 8
G ro s s  m a r g in 7 3 8 6 8 8 7 8 3 4 3 6 4 1 7
the  prices achieved for such  crops have increased  considerably, 
th e  focus group  partic ip an ts  suggested  th a t prices offered for 
energy  crops have  failed to  keep  up. Prices, and in p u t costs, for 
conventional activ ities included  in  th e  m odel (see Table 2) w ere  
up d a ted  using  th e  2007/2008  ed ition  o f th e  Farm  M anagem ent 
H andbook (SAC, 2007b), an d  th e  analysis re -ru n  to  investiga te  th e  
g ross m arg ins th a t w ou ld  have to  be  achieved by energy  crops to  
bring  ab o u t adoption.
Prices w e re  based  on a single y ear ra th e r th an  tak ing  a 
w eig h ted  m ean  of prices over 5 years, as it w as fe lt th a t doing so 
w ou ld  n o t accurate ly  reflect th e  price  ex pecta tions o f farm ers. 
Am ong focus g roup  partic ip an ts  (Sherring ton  e t al., 2008) th ere  
w as m uch specu lation  (and  som e ex citem en t) as to ho w  high th e  
w h e a t price m ig h t go. UI< w h e a t fu tu res rose from  a round  £ 90 /t in 
January  2007 to  a peak  of £ 1 9 0 /t in M arch 2008. W hile th ey  have 
subseq u en tly  fallen back, th e  cu rren t fu tu res price  for feed w h ea t 
for delivery in N ovem ber 2010 is £115 /t (Farm ers W eekly, 2009a), 
w hich  is well above th e  5 y ear average. M oreover, th e  OECD’s 
ou tlook  for th e  n ex t decade is th a t  agricu ltu ral com m odity  prices 
will rem ain  a t  a h igher level th a n  in  th e  p as t 10 years (Farm ers 
W eekly, 2009b). T herefore, th e  prices used  in th e  m odel, as show n 
in Table 3, w h ile  above th e  5 y ea r average, are  w ell be low  th e  
peaks o f recen t years.
Table 3
C o m p a r is o n  o f  c o n v e n t io n a l  c r o p  p r ic e s  b e tw e e n  2 0 0 2 /2 0 0 3  a n d  2 0 0 7 /2 0 0 8  
(S o u rc e :  F a rm  M a n a g e m e n t  H a n d b o o k ;  SA C , 2 0 0 2 ;  SA C , 2 0 0 7 b ) .
A c t i v i t y P r ic e  ( £ / t )  2 0 0 2 - 2 0 0 3 P r ic e  ( £ / t )  2 0 0 7 - 2 0 0 8
W i n t e r  w h e a t 7 0 1 1 5
W i n t e r  b a r le y 6 6 1 0 5
W i n t e r  o a ts 5 6 1 0 5
O ils e e d  r a p e 1 4 4 1 8 5
F ie ld  b e a n s 7 4 1 3 5
A sim ple  bud g e tin g  analysis w ou ld  suggest th a t new  activities 
w ou ld  have to  provide gross m arg ins g rea ter th an  those  for 
a lte rn a tiv e  crops in o rd er to  be adopted . However, agronom ic and 
practical co n stra in ts p rev en t farm ers from  grow ing a single but 
p rofitab le  crop. Instead, crop in te rac tio n s w ith in  a ro tation  give 
rise to  an  op tim u m  com bination  o f crops w ith in  a farm  business. 
One advan tage  for SRC w illow  and m iscan thus in th is respect, as 
perenn ial crops, is th a t  th ey  fall ou tside  o f any rotational 
constrain ts.
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5. Energy crop cost, yield, and price assumptions
All periodic variable costs such as harvesting, and assum ptions 
re la ting  to  yield, for bo th  SRC w illow  (9 od t/h a /y r) and  m is- 
can th u s (14 od t/ha/yr), a re  held a t th e  sam e levels as th e  s tandard  
a ssum ptions used by U niversity of C am bridge (2005). For SRC 
w illow  a t 9 o d t/h a /y r th e  con tract costs for each harvest a re  taken  
to be  O i l / h a .  The m arketing  costs (for loading, w eighbridge 
charges, and m oistu re  testing) are  £1 35/ha (£5/odt), and the  
hand ling  & drying costs a re  £162/ha (£6/odt). This gives total 
variable costs in th e  harvest year of £608/ha, o r approx im ately  
£203 on an annual basis.
For m iscan thus, assum ing  yields increase up  to  14 odt/ha/yr, 
th e  con tract costs for each h arvest are taken  to  be £92/ha. The 
m arke ting  costs a re  £45/ha  (£3.20/odt), and th e  handling  and 
drying costs are £56/ha  (£4/odt). This gives to ta l variable costs in 
th e  harvest y ear o f £1 93/ha. These cost figures, for bo th  SRC 
w illow  and m iscan thus, are  consisten t w ith  those curren tly  used 
by th e  TSEC-Biosys program m e, and have been  validated  th rough  
discussions w ith  industry  (Bauen, 2008).
The estab lish m en t costs and associated  grants, how ever, are 
u p d a ted  to  take accoun t o f th e  m ore recen t w ork  for Defra by 
Jones (2007). The ex-farm  price for SRC w illow  has been  increased 
to  £40/odt, to  rep re sen t con tracts curren tly  available to  farm ers in 
th e  v icin ity  o f Drax pow er sta tio n  (CRL, 2008). The ex-farm  price 
for m iscan thus has been  increased to £60/odt, as per contracts 
now  available to farm ers w ish ing  to  supply  Drax (Farm ers 
W eekly, 2008). These costs and assum ed  revenues over a 16 year 
period are  d iscounted  a t 6%, rep resen ting  th e  farm er’s cost of 
capital, to  give a n e t p re sen t value (NPV) and an annual equ ivalen t 
value (AEV). The AEV rep resen ts th e  gross m argin  w h en  m aking 
th e  com parison w ith  conventional annual crops.
6.1. Energy crop gross margins
As w ith  any d iscounted  cashflow  m odel, increased costs in the  
y ear o f e stab lish m en t (year 0), have a g reater im pact on th e  NPV 
and AEV th an  any increases in  su b sequen t years. The figures 
p resen ted  by Jones (2007) m ean  th a t  SRC w illow  delivers a low er 
gross m argin  u n d e r standard  assum ptions (see Table 4) than  
previously reported  by U niversity o f Cambridge (2005), even 
w h en  increasing  th e  price from  £35/od t to  £40/odt. If the  price 
w ere  taken  to  be  £44/odt, th en  th e  gross m argin  is £98/ha, barely 
changed from  the University o f Cambridge (2005) figure. It is of 
in te rest, how ever, to consider th e  im pact of an increase in the  
price for SRC w illow  to  levels suggested by V alentine e t al. (2008). 
The au th o rs  suggest th a t £ 4 5 -6 0 /o d t is a m ore realistic  price in 
term s of the  developing m arket. This w ould  deliver a  gross m argin 
of be tw een  £106/ha and £221 /ha. A h igher po tential value of 
£ 7 5 /od t is suggested  as b e tte r  rep resen ting  th e  in h eren t energy 
value. This w ould  deliver a gross m argin  of £337. However, for the  
purposes o f th is exercise, th e  use  o f the  £40 /od t figure is justified  
as th is rep resen ts w h a t is curren tly  available on a large scale 
contract.
M iscanthus, on  th e  o th e r hand, now  show s a  greatly  increased 
gross m argin  of £444/ha  based on th e  significant increase in price 
to  £ 6 0 /o d t (see Table 5). However, it is no t clear w h e th er this 
price w ould  be  offered for supply to  facilities o th er th an  Drax. Had 
th e  price rem ained  a t £25/odt, th e  effect of th e  revised 
estab lish m en t costs and g ran t levels w ould have been to  reduce 
th e  gross m argin  to  £35/ha. W orking on th e  estim ated  price 




This section  first p resen ts the calculated  likely gross m argins 
for SRC w illow  and m iscanthus, follow ed by m odel resu lts 
show ing  th e  gross m argins th a t w ould  be required  to achieve a 
certain  level of uptake.
The figures below  show  th e  up take  for each farm  type and size, 
for 2002/2003 prices of com peting  activities and for 2007/2008 
prices. In general term s, the  h igher prices obtained for conven­
tional crops in 2007/2008 have led to  an increase  in th e  gross 
m argin  th a t is required  before energy crops are adopted . Once 
th ey  a re  adopted , th e  m odels show  sm aller proportions o f the
Table 4
E ffe c t  o f  r e v is e d  e s ta b l is h m e n t  c o s ts  a n d  g r a n t  le v e ls  o n  g ro s s  m a r g in  o f  SRC w i l l o w  u n d e r  s ta n d a r d  a s s u m p t io n s .
U n iv e r s i t y  o f  C a m b r id g e  ( 2 0 0 5 )  A m e n d e d  e s ta b l is h m e n t  c o s ts
a n d  g r a n t  le v e l  as p e r  J o n e s  
( 2 0 0 7 )
P r ic e £ / o d t 3 5 4 0
Y ie ld o d t / h a / y r 9 9
E n e r g y  c r o p  p a y m e n t £ /h a 3 0 3 0
E s ta b l is h m e n t  c o s ts £ / ha 1 2 7 3 1 6 6 3
E s ta b l is h m e n t  g r a n t £ /h a 1 0 0 0 6 6 5
G ro s s  m a r g in £ /h a 9 7 6 7
Table 5
E ffe c t  o f  r e v is e d  e s ta b l is h m e n t  c o s ts  a n d  g r a n t  le v e ls  o n  g ro s s  m a r g in  o f  m is c a n th u s  u n d e r  s ta n d a r d  a s s u m p t io n s .
U n iv e r s i t y  o f  C a m b r id g e  ( 2 0 0 5 ) A m e n d e d  e s ta b l is h m e n t  c o s ts  
a n d  g r a n t  le v e l a s  p e r  J o n e s  
( 2 0 0 7 )
P r ic e £ / o d t 2 5 6 0
Y ie ld o d t / h a / y r 1 4 14
E n e r g y  c r o p  p a y m e n t £ /h a 3 0 3 0
E s ta b l is h m e n t  c o s ts £ /h a 1 6 9 1 2 0 0 0
E s ta b l is h m e n t  g r a n t £ /h a 9 2 0 8 0 0
G ro s s  m a r g in £ /h a 7 5 4 4 4
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Table 6
M o d e l le d  a g g r e g a te  u p ta k e  o f  e n e r g y  c r o p s  o v e r  f o u r  f a r m  t y p e s  in  E n g la n d  a t  d i f f e r e n t  g ro s s  m a r g in s .
T y p e  o f  
f a r m
S iz e A v e r a g e  s iz e  
( h a )
N u m b e r  o f  
f a r m s
T o ta l
a re a
( h a )
% u p ta k e  
a t  G M  o f  
£ 1 0 0 /h a
T o ta l  a re a  o f  
e n e r g y  c r o p s  
( h a )
% u p ta k e  a t  
G M  o f  £ 1 2 5 /  
h a
T o ta l  a re a  o f  
e n e r g y  c ro p s  
( h a )
% u p ta k e  
a t  G M  o f  
£  1 5 0 /h a
T o ta l  a re a  
o f  e n e rg y  
c r o p s  (h a )
C e re a ls S m a l l 6 0 5 6 5 3 3 3 9 ,1 8 0 _ _ 4 8 1 6 2 ,8 0 6 4 9 1 6 6 ,1 9 8
M e d iu m 1 4 3 5 0 4 5 7 2 1 ,4 3 5 - - 4 0 2 8 8 ,5 7 4 61 4 4 0 ,0 7 5
L a rg e 3 9 2 4 0 8 5 1 ,6 0 1 ,3 2 0 6 7 1 ,0 7 2 ,8 8 4 7 6 1 .2 1 7 ,0 0 3 7 6 1 .2 1 7 .0 0 3
M ix e d S m a l l 9 0 3 0 1 5 2 7 1 ,3 5 0 - _ 3 1 8 4 ,1 1 9 31 8 4 ,1 1 9
M e d iu m 1 2 5 2 0 9 1 2 6 1 ,3 7 5 - - - - - -
L a rg e 2 8 6 1 9 8 1 5 6 6 ,5 6 6 - - 5 .6 3 1 .7 2 8 7 3 9 ,6 6 0
G e n e ra l S m a l l 6 8 1 7 9 6 1 2 2 ,1 2 8 4 8 5 8 ,6 2 1 4 8 5 8 .6 2 1 5 4 6 5 ,9 4 9
c r o p p in g
M e d iu m 8 8 2 5 6 9 2 2 6 ,0 7 2 - - 2 4 5 4 ,2 5 7 3 0 6 7 ,8 2 2
L a rg e 3 5 9 3 2 7 8 1 ,1 7 6 ,8 0 2 2 7 3 1 7 ,7 3 7 5 2 6 1 1 ,9 3 7 5 5 6 4 7 ,2 4 1
C a t t le  a n d S m a ll 8 0 7 5 4 5 6 0 3 ,6 0 0 - - 8 4 8 ,2 8 8 2 7 1 6 2 ,9 7 2
s h e e p
( l o w ­
la n d )
M e d iu m 1 2 1 1 3 8 4 1 6 7 ,4 6 4 - - - - 4 6 ,6 9 9
Total area
L a rg e 2 0 5 4 3 6 8 9 ,3 8 0
6,146,672 1,449,242
3 2 2 8 ,6 0 2
2,585,935
2 1 ,7 8 8
2,899,525
(ha)
farm  being a llocated  to energy crops in th e  2007/2008  scenarios 
for a given gross m argin. This is in  line w ith  th e  in tu itiv e  
a ssu m p tio n  th a t  h ig h er prices for a lte rn a tiv e  crops w ould  
increase  th e  re tu rn  req u ired  from  energy  crops before adoption .
As w ith  all lin ea r p rogram m ing  m odels, u n d erstan d in g  the  
underly ing  assu m p tio n s is im p o rta n t in  in te rp re tin g  th e  results. 
One a ssu m p tio n  is th a t th e  m odel is constra in ed  so th a t  farm s are 
engaged  in som e farm ing  activity. This m eans th a t th e  level of 
u p tak e  fo r th e  2002/2003  resu lts  is considered  to  be exaggerated  
a t low er levels o f gross m argin , because u n til th e  g ross m argin  
reaches a certa in  level, th e  fa rm er m ay  w ell choose sim ply  to  take 
th e  single farm  paym en t, w hich  is no t linked to production , and 
u n d e rtak e  th e  m in im u m  necessary  to  achieve ‘Good A gricultural 
and  E nvironm ental C ondition’ (GAEC) w hich  is a req u irem en t 
for rece ip t o f th e  p a y m en t (U niversity  o f Cam bridge, 2005). In 
reality , th is is less likely to be  th e  case in th e  2007/2008  ru n  of 
th e  m odel w h e re  high prices for conventional crops m ean  
farm ers are  seek ing  to  b ring  m ore land  back in to  p roduction  
(Farm ers W eekly, 2007).
As no ted  by  U niversity  o f Cam bridge (2005), u p tak e  o f energy 
crops in  th e  m odel appears to  occur a t levels o f g ross m argin  
low er th an  w ou ld  be  expected  g iven th e  gross m arg ins of 
conventional crops. W ith  gross m arg ins o f £125/ha, m o st o f thè  
farm  types/s izes m odelled  have ad o p ted  energy  crops to  som e 
ex ten t, and by £150/ha, all b u t  one o f th e  m odels have done  so. 
This is re la ted  to  th e  fact th a t  th e  energy  crop gross m arg ins 
include th e  costs o f m ach inery  and  lab o u r as m o st w o rk  is 
u n d e rtak en  th ro u g h  con tract. In th e  m odel farm s have a choice o f 
using  on -farm  m ach inery  and labour, w hich  is effectively a  fixed- 
cost aspect, o r a lternatively , once th ese  resources a re  fully 
allocated , co n tracto rs and re la ted  m ach inery  can be b ro u g h t in, 
b u t  th ese  w ill rep re sen t a variab le  cost a ttr ib u te d  to  th e  specific 
activity, and w ill therefo re  red u ce  th e  gross m arg in  o f th a t 
p a rticu la r activity. It is no ticeab le  in th is re sp ec t th a t  larger farm s 
generally  seem  to  have lo w er th resh o ld s for up take . A large 
p roportion  of cereals a re  g row n w ith  th e  use o f con tracto rs on the  
larger farm s, w h ich  reduces th e ir  gross m arg in  accordingly  and 
th ere fo re  reduces th e  level o f gross m argin  necessary  before 
energy  crops becom e viable, and  leads to h ig h er up tak e  a t low er 
g ross m arg ins (U niversity  of Cam bridge, 2005). This reflects th e  
reality  th a t  on farm s w h ere  th ere  is an  ex isting  lab o u r force and
sufficient m ach inery  to  und ertak e  all tasks, energy  crops a re  less 
likely to  be adop ted . If they  w ere, and  con tracto rs w ere  b rough t in 
to  do th e  w ork  (and focus group  findings suggested  th a t  farm ers 
w ould  a lm o st a lw ays w an t a co n trac to r to  u n d ertak e  the 
specialised  w ork), th e  fixed labour costs w ou ld  still have to  be 
paid  even if s ta ff w ere  s tan d in g  idle.
The m odel also show s m ajo r changes in cropping w ith 
relatively  sm all changes in th e  gross m argin  o f energy  crops. 
Again, th is is due  to  th e  underly ing  assum ptions w ith in  the 
m odel, such th a t  once th e  g ross m argin  for energy crops is higher 
th an  a lte rn a tiv e  activities, large changes occur. In practice, this is 
th o u g h t unlikely  to tak e  place due  to  farm ers' aversion  to 
risk, w h ich  is n o t considered  w ith in  the  m odel (University 
of Cam bridge, 2005).
6.3. Aggregate levels o f uptake
It is o f in te res t to  investigate  w h a t th e  observed resu lts  a t the 
farm -scale m igh t m ean  in te rm s of p roduction  on a regional 
o r  na tional basis. At th e  s im p lest level, th is involves aggregation 
of th e  farm -level resu lts . H ow ever, it is im p o rtan t to  note 
th a t  w h en  reporting  farm -level results , no accoun t is taken  of 
longer te rm  m ark e t conditions, an d  th e  'sm all firm ’ case prevails 
w h e re  no  endogenous changes in dem and  or supp ly  are 
im p lem en ted  by th e  m odel. Therefore, as supp ly  levels shift, the 
re su lta n t changes in price are  n o t accounted  for, and  shou ld  be 
bo rne  in m ind  w h en  in te rp re tin g  such aggregated  estim ates 
(Revell and O glethorpe, 2003).
Table 6 show s th e  resu lts  for each of th e  12 farm  type and  size 
com binations w h en  aggregated  using  da ta  on th e  n u m b er o f such 
businesses in England from  th e  June  Census (Defra, 2002). These 
ind ica te  th a t on com parison  of financial re tu rn s  alone, and 
ab strac tin g  from  know n barrie rs to adoption , th e  theoretical 
po ten tia l of 350,000 ha  for the  UK as a w ho le  (Defra, 2007) should 
read ily  be achieved.
Taking th e  estim a ted  price qu o ted  by Nix (2007) for 
m iscan thus o f £ 3 5 /o d t to  be  rep resen ta tiv e  o f w h a t has been 
available to  farm ers in recen t years, the  gross m arg in  w ould 
typ ically  be  £152/ha. At this level, as show n  in Table 6, th e  m odels 
sh o w  an aggregate  up tak e  of a lm o st 2.9 m illion ha, w hich  is over
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eigh t tim es th e  theo re tical po ten tial as considered by Defra 
(2007). W hile th is is likely to be an exaggerated  level, as it does 
no t accoun t o f any changes in price as a response  to  increased 
supply, n o tw ith s tan d in g  th e  general reluctance on th e  p a rt of 
farm ers to m ake large changes to  th e ir  cropping plan sim ply on 
th e  basis o f a m ore  com petitive  gross m argin, it does dem o n stra te  
th a t  for m any  farm s, a crop providing these  re tu rns, using  a price 
at th e  low er end of w h a t is curren tly  available, should  be 
a ttrac tive . The m o st recen t available figures on m iscan thus 
up take  ind ica te  an area o f 12,627 ha in England (Defra, 2006), 
w hich  is less than  0.5% of the  m odelled level.
7. Discussion
It is possible to identify  from  Figs. 1 -4  th e  general tren d  in 
up tak e  of th e  energy crop option, re su lting  from  increased  prices 
for conventional activities. One m igh t qu ite  reasonably  assum e 
th a t tak ing an average of prices be tw een  2002/2003 and 
2007/2008  m igh t g en era te  levels of energy crop up take  that 
follow  th e  sam e trends, b u t lying be tw een  th e  levels show n for 
th e  d ifferen t years. The resu lts  o f  th is m odel should  not, how ever, 
b e  taken  as a forecast for a n u m b er o f reasons th a t have been 
ou tlined  in th e  tex t. These include th e  novel n a tu re  o f th e  crops, 
th e  lack of an  estab lished  m arket, and th e  associated  risks as 
perceived by farm ers.
Previous research  has identified th a t  in general th ere  tend  
to  be few er barriers to  th e  adop tion  of m iscan thus th an  there  
are  for SRC w illow  (Sherrington e t al„ 2008). Even so, m iscanthus 
is clearly no t y e t an  a ttrac tiv e  crop for fan n ers  to th e  ex ten t 
th a t  m ig h t be expected  given th e  cu rren t estim a ted  level of 
re tu rn . This d iscrepancy be tw een  the  m odelled resu lts and th e  
area o f land th a t has actually  been com m itted  to m iscanthus, 
w hich is also due  in p a rt to  th e  lim ited  n u m b er (and d istribu tion) 
of ded icated  biom ass and co-firing pow er sta tions, highlights the  
significance of th ese  barrie rs and th e  th rea t th a t  they  pose to  th e
a tta in m en t of th e  technical potential o f perennial energy crops in 
th e  UK (Defra, 2007).
The actual supp ly  response of UK farm ers to perennial energy 
crops, given th e  cu rren t energy and agricultural policy environ­
m ent, is clearly going to  be different from  th e  m odelled supply 
response. Farm ers perceive these  novel crops to  p resen t a g reater 
risk than  conventional annual crops, for num erous reasons 
ou tlined  above, and will no t sim ply sw itch  to  th em  w hen  th e  
predicted  gross m argin  is slightly h igher than  for an existing 
activity. For m o st farm ers, th e re  should, how ever, com e a point 
w h en  th e  price offered for m iscan thus or SRC w illow  is 
sufficiently h igh to overcom e these  o th er concerns. W hen this 
occurs, in effect, p ay m en t will accurate ly  reflect th e  p rem ium  for 
th e  risk th a t individual farm ers believe th ey  are taking. An 
in te res tin g  exam ple to  observe will be fa rm er up take of the  
£ 6 0 /od t con tracts for m iscan thus offered by Bical for supply  to 
Drax (Farm ers W eekly, 2008). Over tim e, increased up take  and 
farm ers’ increased fam iliarity  w ith  th e  crops should  act to reduce 
th e  requ ired  risk prem ium .
The prices offered by these  con tracts have been calculated  in 
th is p ap er to deliver a  gross m argin of £444/ha. W hile this m ay 
w ell be sufficiently a ttrac tiv e  to enough farm ers for Drax’s supply  
expecta tions to be  realised, it w ould seem , from  the  m odel, th a t a 
considerable risk  p rem ium  is being  paid. It is therefore  w orth  
assessing th e  im pact o f cu rren t agricultural and energy policy on 
the  perception  of risks re la ting  to  these  crops, th e  ex ten t to w hich 
th is is dea lt w ith  in contracts, and considering  w h a t approaches 
m ight serve to  low er the  perceived risks, and thus lessen the  
barriers to  adoption.
7.7. Agricultural policy support fo r  perennial energy crops
A n u m b er o f g ran ts have been  available to farm ers th roughou t 
th e  UK for th e  estab lishm en t of SRC w illow  and m iscan thus w ith  
an energy end use in m ind, in England, th e  Energy Crops Scheme 
(ECS) u n d e r th e  2 0 0 0 -2 0 0 6  England Rural D evelopm ent
C ereal fa rm s
E 60
Gross margin(£/ha)
F ig .  1 . U p ta k e  o f  p e r e n n ia l  e n e r g y  c ro p s  o n  c e re a l fa rm s .
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Fig. 2 . U p ta k e  o f  p e r e n n ia l  e n e r g y  c r o p s  o n  m ix e d  fa r m s .  
G e n era l c ro p p in g  fa rm s
Gross margin (£/ha)
Fig. 3. U p ta k e  o f  p e r e n n ia l  e n e r g y  c r o p s  o n  g e n e r a l  c r o p p in g  fa r m s .
P rogram m e (ERDP) offered £10 0 0 /ha  for SRC w illow  and  £920 /ha  
for m iscan thus. This schem e closed to  app lican ts in  th e  su m m er of 
2006, and  has b een  su p e rsed ed  by a new  ECS (2 0 0 7 -2 0 1 3 ), w hich  
o pened  in O ctober 2007.
The m ain  difference w ith  th e  new  schem e is th a t for b o th  SRC 
and  m iscan thus, p ay m en t w ill be  based on 40% of actual 
e stab lish m en t costs in stead  o f a fixed h ectarage  basis (N atural
England, 2007). Taking Defra’s e stim a te  o f typical e stab lishm ent 
costs for SRC o f £1663 (Jones, 2007) th e  g ran t w ill be  reduced 
from  £1000/ha  to £665/ha. For m iscan thus, th e  estim a te  of 
e s tab lish m en t costs is £2000 /ha  (Jones, 2007), and  th u s  th e  grant 
w ill be  £800/ha.
Sherring ton  e t al. (2008) identified  th a t th e  estab lishm ent 
g ran t is o f key im p ortance  to  focus group  partic ipan ts . Very few
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C attle a n d  s h e e p  (low land) fa rm s
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Fig. 4. U p ta k e  o f  p e r e n n ia l  e n e r g y  c ro p s  o n  c a t t le  a n d  s h e e p  ( lo w la n d )  fa rm s .
w ould  consider grow ing  perennial energy crops in th e  absence of 
th e  g rant, due  to  high u p fro n t costs and u n certa in tie s over th e  
resu lting  n e t incom e (Sherrington e t al., 2008). W hile farm ers still 
have concerns over th e  security  o f incom e from  energy crop 
con tracts (Sherrington e t  al., 2008; Sherrington and M oran, 2008), 
th is reduction  in th e  level o f u p fro n t su p p o rt does n o t appear to  
be consisten t w ith  th e  aim  of encouraging a w ider up take 
(Defra, 2007). From the  perspective  o f farm ers taking p a rt in the  
focus groups, this w ould  m ake th e  crops less attractive .
7.2. Energy policy support fo r  perennial energy crops
The R enew ables O bligation (RO) is th e  UK G overnm ent’s key 
policy m echanism  for increasing  th e  p roportion  of electricity  
derived from  renew ab le  sources. U nder th e  schem e th ere  is 
a m an d a to ry  req u irem en t for UK electricity  suppliers to source 
a grow ing  p ercen tage  of e lectricity  from  eligible renew able  
generation  capacity.
In April 2009, th e  RO changed from  being ’technology ' neutral, 
aw ard ing  ROCs for every  M W h of e lectricity  produced  from  any 
eligible renew ab le  source, to providing different levels of support 
to  d ifferen t technologies th rough  ‘b and ing’. Technologies are now  
g rouped  in ‘b ands’, receiving 0.25, 0 .5 ,1 , 1.5 or 2 ROCs per MWh, 
based on th e ir  level o f  developm ent and generation  costs. This is 
to  encourage a g rea te r d iversity  o f renew able  technologies and 
give g rea ter su p p o rt for those  technologies th a t  are cu rren tly  less 
cost-effective. U nder th e  am ended  Obligation, co-firing o f regular 
(non-energy  crop) biom ass, considered an established technology, 
receives a reduced  level o f su p p o rt of 0.5 ROCs, w hile  co-firing of 
energy  crops is aw arded  1 ROC for every  MWh. Dedicated regular 
b iom ass receives 1.5 ROCs, w h ile  energy crops in dedicated  
b iom ass bu rn ers  o r in com bined h eat and pow er (CHP) receive 2 
ROCs (OPS1, 2009).
V alentine e t al. (2008) calculate th a t th is additional 0.5 ROC 
p ay m en t for energy  crops should  be w o rth  £28.81 pe r od t to
electricity  generators. This is based on th e  2007/2008 ROC buyout 
price of £34.30 (BWEA, 2008) and a value to  generators of 
1.68 M W he/odt (assum ing  w ood a t 35% m oistu re  and w ith  35% 
conversion efficiency) (V alentine e t al., 2008). This figure does no t 
seem  to account for a typical supplier m argin, w ith  the  average of 
industry  da ta  show ing th a t  88% of th e  ROC value is actually 
received by generato rs, the  rem ain ing  12% being held by the  
suppliers o f electricity  to  end consum ers (Carbon Trust, 2005). 
However, w ith  th e  cu rren t trad ed  ROC price o f approxim ately  
£53/M W h (NFPA, 2009), it could be assum ed th a t th e  additional 
0.5 ROCs is w o rth  approxim ately  £39 pe r od t to  generators. How 
m uch  of th is value m igh t th en  be  passed th rough  to energy crop 
grow ers is uncertain.
Sherrington and M oran (2008) conclude th a t w hile  farm ers in 
general do no t consider th a t m iscan thus or SRC w illow  will give a 
high gross m argin, sim ply increasing the  financial re tu rn  from 
these  crops w ith o u t addressing  th e  concerns re la ting  to security  
of con tracts and stab ility  of incom e is unlikely to  resu lt in 
w idesp read  uptake. However, th is is precisely w h a t has happened  
w ith  banding  of th e  Renew ables Obligation, w hich  gives 
electricity  genera tion  from  energy crops a h igher level o f support 
th an  for e lectricity  generation  from  regular biom ass (OPSI, 2009). 
This su p p o rt is in fact d irected  tow ards th e  electricity  supplier 
ra th e r than  th e  farm er, b u t the  expectation  is th a t th e  h igher 
prices should, via th e  generator, feed th rough  to farm ers and 
increase  up take  (Valentine e t al., 2008).
In com bination  w ith  changing agricultural policy support, it 
can be seen th a t th ere  has been a shift in em phasis aw ay from 
u p fro n t and d irect funding to th e  fa rm er via estab lishm en t 
g ran ts tow ards th e  ‘ind irect’ funding of electricity  generation  
from  perennial energy crops, w hich should theoretically  
deliver increased  revenues to th e  farm er 4  years a fte r initial 
estab lish m en t of th e  crops. W hile farm ers have concerns over the 
security  o f incom e th rough  curren tly  available contracts, th is will 
serve to  reduce th e  effectiveness of increasing th e  potential 
financial return .
Please cite th is a rticle  as: Sherrington, C., M oran, D., M odelling fa rm er up take  of perennial energy crops in th e  UK. Energy Policy
(2010), doi; 10.1016/j.enpol.2010.02.034_________________________________________________________
10 C. Sherrington. D. Moran /  Energy Policy I  ( n i l )
H eat gen era tio n  from  energy  crops has long b een  recognised 
by th e  G overnm en t as an  efficient w ay  to  reduce carbon  em issions 
(DTI & Defra, 2006), and  The Energy Act 2008 (HMSO, 2008) 
a llow ed  for th e  se ttin g  up  of a ren ew ab le  h e a t incen tive  (RHI). 
This is due  to  be in troduced  in April 2011, and w ill provide 
su p p o rt for th e  use  o f  perenn ial energy  crops for h e a t g enera tion  
a t all scales. (DECC, 2009b). Farm ers p artic ipa ting  in th e  focus 
g roup  d iscussion fe lt th a t  th e  lack o f an  incen tive  for renew ab le  
h e a t  w as a significant b a rrie r  to  th e  dev e lo p m en t o f energy  crop 
supply, particu la rly  for SRC w illow . It w as strong ly  fe lt th a t the  
financial re tu rn  could  be greater, and  con tractua l security  
im proved, if  farm ers w ere  supply ing  local schools, hosp itals or 
le isu re  cen tres  (Sherring ton  e t al., 2008).
7.3. Contracts available fo r  SRC willow  and m iscanthus
Coppice R esources Ltd. (CRL) offered farm ers con tracts, in 
2007, to  supp ly  Drax, w ith  re ta il price  index  (RPI) linked 
p ay m en ts  for th e  harv ested  crop of a round  £37 .50 /od t (ex-farm  
a t 35% m o is tu re  con ten t) (CRL, 2007). T hese have since been  
increased  to  £ 4 0 /o d t (CRL, 2008). CRL also offer a co n trac t for 
supply  to  th e  Biojoule pe lle t p lant, a t £ 1 5 /o d t for th e  stan d in g  
crop, w ith  all harvesting , h and ling  and  hau lage  costs covered by 
CRL. A fu rth e r co n trac t is available to supply  th e  Sem bcorp W ilton 
10 p o w er s ta tio n  on Teeside. In 2007, th is offered £41 .50 /od t 
(delivered  price  a t £35% m o is tu re  con ten t). This has since been 
increased  to £61 /od t, b u t a fo rm ula  is used  to  accoun t for th e  
a m o u n t o f fuel need ed  to  dry th e  chip dow n (CRL, 2008). At 35% 
m o is tu re  con ten t, an d  using  CRL’s assu m p tio n  of £ 1 2 /o d t for 
hau lage costs, th e  price eq u ates  to  app ro x im ate ly  £ 4 4 /od t 
ex-farm . As of October 2008, CRL has no grow ers lined up  to  supply 
SRC w illow  to Drax, Biojoule, or Sem bcorp W ilton 10 (CRL, 2008).
V alentine e t  al. (2008) consider th a t  cu rren t prices offered for 
SRC w illow  do n o t fully reflect th e  value  of th e  crop. In th e ir 
analysis th ey  consider £ 4 5 -6 0 /o d t to  be a m ore  realistic  price in 
te rm s of th e  developing m arket, and £ 7 5 /o d t a h igher po ten tial 
value based  on  in h ere n t energy  value. The forthcom ing  RHI raises 
th e  likelihood th a t prices for SRC w illow  w ill indeed  increase  in 
fu tu re  years.
Nix (2007) quo tes a price range  for m iscan th u s o f £ 2 5 -£ 4 5  pe r 
odt, based  on in form ation  supp lied  by Bical, and uses £ 3 5 /o d t to 
illu stra te  a g ross m argin  calculation . M ore recently , a  price o f 
£ 6 0 /o d t ex-farm  has been  q u o ted  as available th ro u g h  Bical to 
supp ly  Drax (Farm ers W eekly, 2008; Farm ers G uardian, 2008). 
This rep re sen ts  a su b stan tia l im p ro v em en t on th e  previous prices 
available for m iscan thus '
It is no t clear, how ever, th a t  th is price w ill becom e available to 
fa rm ers w ish in g  to  supp ly  facilities o th e r  th an  Drax. As an 
in d ep e n d en t p o w er p ro d u cer op eratin g  one  4000  M W  coal fired 
p o w er sta tion , th ey  are  n o t rep resen ta tiv e  o f th e  vertically  
in teg ra ted  p o w er com panies th a t co n stitu te  th e  m ajo rity  o f th e  
UK’s e lectricity  genera tion . D rax’s ex p en d itu re  on carbon 
a llow ances w ith in  th e  EU Em issions T rading Schem e increased  
from  £11 m illion in th e  first 6 m o n th s o f 2007, to  £107 m illion in 
th e  first 6 m o n th s o f 2008. This is due  b o th  to  a reduction  in the  
n u m b er o f free allocations aw ard ed  to  Drax u n d e r  Phase II, and  an 
increase  in th e  cost o f th e  allow ances th a t  m u st be purchased  
(Carbon Finance, 2008). This w ou ld  have the  effect o f m aking 
com bustion  o f b iom ass re la tively  m ore a ttrac tiv e  due  to  the  
b enefits  o f  avoided carbon  costs. W hile  th e  carbon  n eu tra lity  o f 
b iom ass u n d e r  th e  EU-ETS increases its a ttrac tiv en ess to  all p ow er 
p roducers, o th e r  g en era to rs  w ith  a less carbon in tensive m ix  of 
coal, gas, an d  ren ew ab le  gen era tio n  m ay n o t be u n d e r such  
pressure .
Im portan tly , Bical has in troduced  a schem e for deferred 
p ay m en t o f 43% o f th e  first 2 y ear’s costs (Farm ers Weekly,
2008). The deferred  p ay m en t schem e w ould  also app ear to 
address one of th e  key concerns th a t  fan n ers  have ab o u t perennial 
energy  crops, w hich  is th e  issue o f cashflow  difficulties in the 
p eriod  before th e  first harv est (Sherring ton  e t al„ 2008). The 
red uction  in  th e  estab lish m en t g ran t will have m ade  th is deferred 
p ay m en t schem e even m ore im portan t.
7.4. Tackling barriers to uptake in a cost-effective manner
W idespread  adop tion  of energy  crops could bring  societal 
benefits in te rm s o f bo th  cost-effective reductions in carbon 
em issions, and increased  secu rity  o f energy supply.
Use of perennial energy  crops, and in p a rticu lar using  SRC 
w illow  for h ea t g enera tion  has been  d em o n stra ted  to  be a cost- 
effective approach  to  reducing  carbon  em issions (U niversity  of 
Cam bridge, 2005). T here a re  also som e im p o rtan t a rg u m en ts  in 
re la tion  to security  o f energy  supply  th a t can n o t readily  be 
inco rpora ted  in to  m odels as p resen ted  in th is paper. All things 
being  equal, it m ig h t be expected  th a t  UK citizens w ou ld  place a 
p rem iu m  on an  energy  source th a t w as g u aran teed  to con tribu te  
to UK supply, as opposed to  im ports of, for exam ple, n a tu ra l gas 
th a t  a re  seen as ’less secu re’. W hile th e re  is a lack o f empirical 
evidence th a t  w ould  enab le  such a p rem ium  to be m odelled  in 
resp ec t o f p o ten tia l fu tu re  uptake, in fu tu re  years it m ay w ell be 
th a t such a p rem iu m  becom es apparen t, to  th e  benefit o f UK 
grow ers o f energy  crops.
H ow ever, cu rren t farm er percep tion  of th e  risk involved in 
g row ing  perenn ial energy  crops, allied w ith  th e  w ay  agricultural 
and  energy  policy is fo rm u la ted  th rea te n s  to  e ither:
(a) P reven t such po ten tially  cost-effective carbon reduction 
op tions taking place (a t least on an y th ing  o th e r than  a 
re la tively  sm all scale); or
(b) Increase th e  overall cost o f reducing  em issions in th is  way. 
Through th e  approach  o f increasing  th e  co n trac t price to  such 
a p o in t th a t it provides sufficient risk com pensa tion  for 
individual farm ers to ad o p t such  crops, th e  cost-effectiveness 
o f th is  m easu re  as a w ay  o f reducing  carbon em issions, 
decreases.
The resu lts  from  th e  m odelling  sh o w  th a t w ith o u t th e  barriers 
to  adoption , farm ers w ould  ad o p t energy crops a t  a low er gross 
m argin  th an  they  w ould  requ ire  a t p resen t given the  percep tion  of 
risk  th a t  exists. This leads to inefficient ou tcom es a t th e  societal 
level. Farm ers m iss ou t on  an  o p p o rtu n ity  to diversify and 
estab lish  n ew  m arkets, energy  suppliers (and  u ltim ate ly  con­
sum ers) pay  h igher prices th an  th ey  o therw ise  w ould , and  an 
o p p o rtu n ity  to abate  carbon a t a low er cost is foregone.
There a re  a n u m b er o f po ten tia l advantages for society  as a 
w hole  th a t  arise  w hen  risks in agricu ltu re  are  shared , th rough  
ro u tes such  as insurance, m ark e tin g  contracts, o r ex ternal equity 
financing (M euw issen e t  al., 2000). One key benefit is th a t the 
possib ility  o f  sharing  risks p e rm its indiv iduals to engage in  risky 
activities, w hich  th ey  w ou ld  o th erw ise  n o t u n dertake. In so doing, 
th e  expected  re tu rn  to  society  is increased  over w h a t w ould 
prevail if  individual agen ts w e re  constra ined  to  accep t only those 
risks th ey  could afford them selves to  b ea r (Arrow, 1992; H ardaker 
e t  al., 1997; Rejda, 1998). In add ition , if farm ers can trad e  away 
p a r t o f th e ir  risks so th a t  th ey  can m ove closer to th e  p o in t of 
ex pected  profit m axim isation  -  b u t n o t fully because th e re  are 
costs involved -  th e  re su lt w ill be a  m ore  socially desirable 
a llocation  o f resources (M yers, 1998). M oreover, if fa rm ers need 
to p u t less e ffo rt in to  on -farm  m eth o d s of avoiding risks, they
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m igh t w ell be able to use  their resources m ore efficiently, w hich 
in tu rn  im plies g rea te r overall efficiency in resource use 
(H ardaker e t al„ 1997; Rejda, 1998).
In th e  co n tex t o f  perenn ial energy  crops, a  form  of insurance 
available to  grow ers th a t w ould  serve to reduce concerns about 
th e  security  and stab ility  o f incom es from contracts, w ould  have 
th e  w id e r societal benefit o f enabling  cost-effective reductions in 
carbon  em issions, alongside th e  po tential energy security  bene­
fits. Until th e  m ark e t becom es m ore established, th ere  is arguably  
a role for G overnm ent in acting  as guaran tor, o r a t least becom ing 
m ore  actively involved in th e  provision of a form  of insurance.
In tackling th e  know n barrie rs to  adoption  in th is way, the  
actual supply  curve w ould  m ove closer to  th e  m odelled  supply  
curve. As ou tlined by Sherrington and M oran (2008), perception  
o f financial re tu rn  from  perennial energy  crops is no t sim ply a 
q uestion  of antic ipa ted  gross m argin. Of g rea ter concern to 
farm ers is th e  secu rity  and stab ility  of incom e from  contracts, 
d isrup tion  to cashflow, and reduced  farm  business flexibility. 
W hile th e  issue of reduced  farm  business flexibility is difficult to 
address, concerns over secu rity  and stab ility  o f incom e from 
con tracts could be tackled th rough  G overnm ent in terven tion  
to  estab lish  an  insurance schem e. In addition , th e  design of 
th e  con tracts them selves can help  to reduce th e  d isrup tion  to 
cashflow. The con tracts recen tly  offered by Bical dem o n stra te  this 
in offering deferred  p ay m en t of 43% of th e  first 2 year's costs 
(Farm ers W eekly, 2008).
Directly tackling  these  know n barriers to adoption  in th is way 
w ould  lead to up tak e  o f perennial energy crops by farm ers a t 
low er gross m argins, w ould  help  th e  m arket to  becom e 
established, and enable th e  ach ievem en t o f carbon reductions a t 
a low er cost th an  w ould  o therw ise  have been  th e  case.
8. Conclusion
Farm -level m odelling  suggests th a t m iscanthus, a t cu rren t 
prices, should  be m ore w idely  a dop ted  th an  is th e  case. This lends 
su p p o rt to th e  ex istence of previously identified barriers to  
adop tion  (Sherrington e t al., 2008; Sherrington and M oran, 2008). 
SRC willow , on the  o th er hand, rem ains less financially 
com petitive  a t p resen t, a lthough  th e  poten tial for h igher prices 
for h eat use is apparen t.
E stab lishm ent g ran ts are  of key im portance in encouraging 
farm ers to  ad o p t th ese  crops, as farm ers have concerns w ith  the  
security  and  stab ility  of incom e from  th e  available contracts. 
How ever, th e  estab lish m en t g ran ts for bo th  m iscan thus and SRC 
w illow  have been reduced, w ith  g rea ter em phasis now  being 
p laced on h ig h er prices available to farm ers th rough  contracts. 
This has m ean t a d rop  in th e  p roportion  o f incom e th a t is received 
u p fro n t and seen by farm ers to  be secure, and  a g rea te r em phasis 
on deferred  incom e, perceived as less secure. W hile increasing  
prices should  even tually  com pensate  for th e  perceived risks 
facing th e  individual farm er, this w ould  app ear to  be an 
unnecessarily  expensive approach  w hen  a large n u m b er o f these 
risks have a lready been  identified.
An a lte rna tive  approach, ou tlined  in th is  pap er is for 
G overnm ent d irectly  to  address fa rm er concerns ab o u t security  
and stab ility  of incom e from  contracts th rough  th e  estab lishm en t 
o f an  insu rance  schem e, and for th e  con tracts them selves to  be 
am ended  to  allow  for a sm ooth ing  of farm er cashflow. This w ould  
have  th e  effect o f b ringing th e  actual supply  response  closer to the  
m odelled  supp ly  response, and increasing  th e  up take  am ong UK 
farm ers a t  lo w er gross m argins. This w ould  allow  th e  achieve­
m e n t o f carbon reductions a t  a low er cost than  w ould  o therw ise  
be th e  case.
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Abstract
T his p ap er uses cost-benefit analysis to  assess the  econom ic feasibility o f  a  large scale w indfarm  project, tak ing  in to  account positive 
and negative externalities o f  generation. T he issue o f  non-use value (i.e. a  welfare change am ong those who will never visit the  area and 
see th e  w indfarm ) is addressed  w ith reference to  the study by B ergm ann et al. [2006. Valuing the a ttrib u tes o f  renew able energy 
investm ents. Energy Policy 34, 1004-1014], which determ ined a social cost o f  £19.40 per household  fo r the  non-use disam enity associated 
w ith a  large scale w indfarm  in Scotland. This paper dem onstrates the extent to  which this estim ate affects the  econom ic feasibility o f  the 
project. W e find th a t for all bu t one o f  the 16 scenarios considered, the project re tu rn s a positive net p resen t value despite the  inclusion o f 
th is non-use value, th u s suggesting th a t in  these cases the  w indfarm  delivers a net welfare gain to  society.
©  2006 Elsevier L td. All rights reserved.





The projected increase in renewable generation capacity 
in Scotland raises a number of questions about the 
economic feasibility of renewable energy supplies. In 
addressing a global external cost, that o f climate change, 
the development of renewables can give rise to other social 
costs that are predominantly domestic. Considering the full 
economic costs, some technologies (e.g. onshore wind 
power) may be less favoured since they give rise to visual 
disamenity that some communities feel disproportionately 
affected by Simpson (2004). In Scotland, there is an 
ongoing public debate on the issue of the visual impact of 
windfarms on the landscape. However, apart from 
Kennedy (2005), addressing offshore installations on the 
US eastern sea board, there has so far been no assessment 
of how such social costs may affect the economic feasibility 
of specific wind energy projects.
Accordingly, this paper presents the results of an 
economic cost-benefit analysis (CBA) of a large scale
C o rresp o n d in g  author. Tel.: + 4 4 0 1 3 1 5 3 5 4 1 2 8 ;  
fax: + 4 4 0 1 3 1 6 6 7 2 6 0 1 .
E - m a il address: d.m oran@ ed.sac.ac.uk (D . M oran).
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onshore wind energy project in southern Scotland. The aim 
is to consider the widest social perspective on the project 
taking both positive and negative externalities into 
account. The paper is structured as follows. First, we 
provide some background to the energy strategy in 
Scotland: a country well positioned to make greater use 
of renewable energy sources and currently undergoing 
change in its electricity generation mix. This section will 
also consider current hurdles to the development of 
renewable energy projects. Next, the project case study is 
introduced as a basis for quantifying the range of relevant 
costs and benefits and assumptions for an economic 
appraisal. The paper then presents the results of a formal 
appraisal and sensitivity analysis. The final sections offer 
discussion and conclusions on research gaps hindering 
the further development of wind capacity in Scotland and 
the UK.
1.1. The changing patterns o f  electricity generation in 
Scotland
While overall U K  energy policy is still reserved to 
Westminster, following devolution in 1999, substantial
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areas relating to energy policy are now devolved to the 
Scottish Executive. These include the prom otion of renew­
able energy and energy efficiency, consents for new 
electricity generating plant and transmission lines, and 
land-use planning (Scottish Executive, 2006a). Under 
Section 36 o f the Electricity Act 1989 applications to build 
onshore windfarms with an installed capacity in excess of 
50 M W  are made to Scottish Ministers. Below this size, 
applications are made to the local planning authority, 
and considered under the Town and Country Planning 
(Scotland) Act 1997.
This new responsibility comes a t a time when the 
electricity supply industry in Scotland is set, over the next 
10-20 years, to undergo a period of rapid transformation. 
This change is being driven by a range of internal and 
external factors (see Macleod et al., 2006). An outcome of 
this transition is a move towards an energy mix that gives 
greater weight to renewables. The Scottish Executive has 
set two targets for use of renewable power sources. By 
2010, 18% of electricity consumed should come from 
renewable generation, rising to 40% by 2020 (Scottish 
Executive, 2003). In 2005, the Scottish Ministers re­
confirmed the 2020 target, quantifying it as 6 GW  (Giga- 
watts) of installed renewables capacity, confirming that this 
figure should not be regarded as a cap on development 
(Scottish Executive, 2005).
A study by Scottish Renewables indicates that by April 
2006, 2 GW  of installed renewable capacity was operating 
in Scotland. Across 12 months, this capacity should 
generate around 18% o f the anticipated Scottish demand 
for electricity, thus meeting the 2010 target three years 
ahead of schedule. The study anticipates that by 2010 over 
30% of Scotland’s electricity could come from renewables, 
and over half by 2020 (Scottish Renewables, 2006). 
Onshore wind is expected to play a significant role, with 
a predicted 2.7 GW  installed capacity generating 20% of 
Scotland’s demand for electricity in 2010, and 4.2 GW 
installed capacity generating 29% in 2020.
Environmental and economic benefits and costs will 
accrue to Scotland as a result o f these increases in the 
capacity of onshore wind.
1.2. Possible problems with wind energy
Several arguments are used to oppose windfarms. 
A commonly cited concern relates to the potential 
“intermittency” or more accurately the variability of 
electricity supply from wind power (ECI, 2005), and the 
requirement for back up generation capacity. All gen­
erators including fossil fuel and nuclear plant need back 
up, and it is not the case that a dedicated plant would have 
to be constructed to be held in reserve for windfarms. In 
Scotland, when production from dispatchable balancing 
plant is required to  make up for an anticipated shortfall in 
supply, there are a number of options available. These 
include approximately 1.3 GW  of hydro-electric plant, 
700 MW  of pumped storage, and 500 MW  from fast-
starting generators and interconnections to England and 
N orthern Ireland (Scottish Executive, 2006b).
A further concern is the potential for intrusive noise both 
during construction and operation o f the windfarm, 
although recent advances in turbine design have reduced 
both mechanical and aerodynamic noise. However, the key 
motivation for anti-windfarm campaigners is opposition to 
the visual despoliation of valued landscapes (Pasqualetti 
et al., 2002; Burall, 2004). The landscape impacts are 
exacerbated by the fact that the locations with the highest 
wind resource are often precisely those exposed upland 
areas which are valued for their scenic qualities and which 
are often ecologically sensitive. Opponents not only high­
light the scenic impact of the turbines themselves, but also 
emphasize the visual impacts of the associated construction 
and upgrades to the electricity transmission system 
(Warren et al., 2005).
This disquiet about the installation of wind capacity is 
often expressed in a somewhat unspecific way, combining 
elements of both use value (residents and visitors who will 
see—and possibly hear— the windfarm) and non-use value 
(those who may never visit the area and see the windfarm). 
In other words, some altered landscapes may affect 
people’s welfare because their use experience is tarnished. 
For others, the option to visit a landscape free o f turbines, 
or simply the knowledge that a “pristine” landscape exists 
is a primary reason for valuing the status quo.
While it is technically possible to quantify these views, 
there is limited empirical evidence. A study o f public 
perceptions of wind power in Scotland and Ireland 
suggested an “inverse NIM BY ” syndrome, where those 
with windfarms in their “backyard” strongly support the 
technology (Warren et al., 2005). But a study on non-use 
value impacts suggests that a large (160 MW) onshore 
windfarm with a considerable landscape impact, results in 
a welfare loss of £19.40 per household per year (Bergmann 
et al., 2006). The details and application of this value are 
discussed later in this study.
1.3. The project
The case study is a proposed windfarm is located in the 
Upper Clyde Valley in South Lanarkshire, Scotland. The 
scheme proposes the installation of 173 wind turbines each 
with a generating capacity of 3.6 MW, a hub height o f 80 m 
and a blade diameter of 90 m (total height 125 m). It is 
proposed that one of the turbines will have a viewing 
platform. Taking three years to construct, the project is 
designed with an operational life of 25 years (M ap 1).
W ith a total installed capacity o f just over 620 MW, the 
developers suggest that the site will generate enough 
electricity to power up to 440,000 households, and 
will contribute 0.5% towards the Government’s target of 
10% of the U K ’s energy coming from renewable sources 
by 2010.
The site is divided by the M74 motorway running 
between Abington, Elvanfoot and Crawford. It occupies
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M ap 1. Location o f  the proposed Clyde windfarm ((R; Ordnance Survey).
approximately 4750 ha (hectares) of farmland, consisting 
mainly of permanent grassland currently used for sheep 
grazing, and areas of commercial forestry and heathland.
2. Social cost-benefit analysis (CBA)
While it is possible to adopt a private perspective on this 
project, the presence of wider external costs and the level of 
public disquiet suggest a more stringent test of economic 
viability. Social CBA offers a consistent analytical frame­
work for decision-making and is typically designed to help 
decision-makers allocate scarce resources by determining 
which option among a competing set should be selected in 
order to maximize social welfare. This welfare objective 
encompasses measurable monetary benefits as well as more 
intangible non-market benefits or public good externalities. 
Social CBA is typically the perspective adopted by 
government, and standard guidance is provided by the 
UK Treasury.1
The CBA requires the identification of a baseline or 
status quo scenario, against which the costs and benefits of 
alternative project interventions are evaluated. The central 
counterfactual for our analysis below is a gas-fired plant of 
equivalent generating capacity, although the counterfac­
tual of a coal-fired plant is also considered.
For the Clyde Valley proposal, the relevant cost and 
benefit categories to be considered are identified in Table 1.
The installed capacity o f the Clyde windfarm is taken to 
be 622.8 MW  (based on 173 turbines each rated at 3.6 MW) 
as outlined in the Environmental Statement (Land Use 
Consultants, 2004). Airtricity expects that the Clyde 
windfarm will have a capacity factor o f 38%, that is, the 
site will operate at the equivalent of full power 38% of the 
time. The counterfactual gas-fired power station, assuming
1http://www.hm -treasury. gov.uk/cconom ic_data_and_tools/greenbook/ 
data_greenbook_index.cfm .
an availability factor of 67% (DTI, 2005), has a capacity of 
353 MW. The counterfactual coal-fired power station, 
assuming an availability factor of 57.9% (DTI, 2005), has 
a capacity of 409 MW.
Relevant costs and benefits are considered over a time 
horizon of 25 years. The Treasury social discount rate is 
currently 3.5%. However, the analysis makes a case for 
alternative discounting assumptions
2.1. M arket costs
2.1.1. Capital investment
The capital cost of the Clyde windfarm is £405 million 
over a three year period. This is based on a cost of £0.65 
million per installed MW for onshore wind (Dale et al., 
2004). The value used in the CBA is the difference between 
this and the cost o f constructing an equivalent 353 MW 
gas-fired power station of £159 million, taking the cost per 
installed MW for gas to be £0.45 million (Dale et al„ 2004) 
The difference in cost between the two is £246 million, 
which will be the construction cost figure, where gas is the 
counterfactual, in the analysis to follow.
The 409 MW coal-fired power station has a construction 
cost of £335 million, based on a cost of £0.82 million per 
MW (Royal Academy of Engineering, 2004). Subtracting 
from the capital cost o f the Clyde windfarm gives a 
construction cost of £70 million, which will be the figure 
used, where coal is the counterfactual, in the analysis to 
follow.
Construction takes three years, and a third of the total 
cost o f construction is attributed to each year. One third of 
the windfarm will be operational for the second year, and 
two-thirds for the third year.
2.1.2. Operation and maintenance ( O&M)
Annual O&M costs are £9.3 million. This is based on an 
O&M cost for onshore wind of £15/(kWy) (Dale et al.,
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Table 1
The categories o f  costs and benefits to  be used in the assessment o f  the Clyde windfarm
C osts and benefits o f  w ind energy
C osts Benefits
M a rk e t
Capital investm ent Output revenues
O peration and maintenance A voided  fuel costs (gas)
Extra balancing costs to  the grid A voided G D P  losses
Rental cost o f  land
N o n- m arke t
Carbon d ioxide em issions through m anufacture and construction A voided em ission costs associated w ith displaced generation
Carbon d ioxide em issions through deforestation
Visual and noise disam enity for residents and visitors (use value)
N on -u se  disam enity value
2004). The value used in the CBA is the difference between 
this and the annual O&M cost of the equivalent 353 M W  
gas-fired power station, taken to be £7 million, based on a 
figure of £20/(kW y) (Dale et al., 2004).2 Subtracting the 
gas-fired equivalent O&M costs from the Clyde windfarm 
O&M costs gives a net annual O&M figure of £2.3 million, 
to be used where gas is the counterfactual, in the analysis 
to  follow.
For the equivalent 409 MW coal-fired power station, the 
annual O&M cost is £9.8 million, based on a cost o f £24/ 
(kW y) (Royal Academy of Engineering, 2004). Subtracting 
the coal-fired equivalent O&M cost from the Clyde 
windfarm O&M cost gives a net annual O&M figure of 
—£0.4 million, to be used where coal is the counterfactual 
in the analysis to  follow.
For the second year of construction, one-third of the 
windfarm is taken to be operational, with two-thirds 
operational for the third year. The net O&M costs for these 
years are calculated as above, but adjusted to reflect the 
installed and operational capacity in the second and third 
years of construction. Therefore the O&M costs, for gas as 
the counterfactual, are taken to be £0.75 million (a third of 
the net annual O&M cost of £2.3 million) in the second 
year o f construction, and £1.5 million (two-thirds of £2.3 
million) in the third year of construction. O&M costs 
where coal is the counterfactual are calculated in the same 
way for these years.
The analysis is simplified by the assumption that the 
counterfactual generating plant is brought online in stages 
comparable to that o f the windfarm. This is due to the 
assumption that equivalent revenue from generation 
(excluding ROCs) is received by the windfarm and the 
counterfactuals (see Section 2.2.1) throughout each year of 
their operational life. In reality, a combined cycle gas
2T he O&M  figures from  D ale et al. (2004) have been used in preference 
to those cited in  the U K  Energy R eview  (D T I, 2006, p. 194, T able B l)  
w hich give £44 .4 /(k W y) for w ind. T he D ale e t al. (2004) figures are 
consistent w ith others, such as M ilborrow  (2005).
turbine (CCGT) plant may be fully operational after two 
years construction, meaning that at the end of the 
windfarm’s three years construction period, an equal 
am ount of electricity will, in fact, have been generated 
from both the windfarm and the counterfactual. This 
would mean that revenue will have been earned from the 
windfarm one year earlier, but O&M costs will also have 
been paid earlier. A comparison has demonstrated that 
altering this simplifying assumption would only make a 
difference of between 0.03% and 0.12% to the NPV (prior 
to the application of the non-use value), and therefore the 
assumption remains.
2.1.3. Extra balancing costs to the grid
As the am ount of wind generation on the electricity 
network increases, and the uncertainties in wind output 
start to become evident above the normal level of 
uncertainty in balancing supply and demand, some extra 
balancing costs will be incurred (Dale et al., 2004).
The estimates to be used in this study are those resulting 
from the SCAR study (Ilex Energy Consulting and Strbac, 
2002). These show that the extra balancing costs for wind 
are 0.1 p /kW h at 5.3% penetration, 0.14p /kW h at 7.6%, 
0.16p /kW h at 10%, and 0 .17p/kW h at 14.2%. A 
comparison with other estimates featured in The Carbon 
Trust/D TFs Intermittency Literature Survey & Roadmap 
(M ott M acDonald, 2003) shows that these values represent 
the median estimate of balancing costs.
Taking the baseline scenario assumptions as applied in 
the D T I’s Renewables M arket Modelling (Oxera, 2004), we 
obtained the predicted level o f wind penetration for each 
year of the Clyde windfarm’s operation. We then applied a 
figure for the balancing cost for each year based on this 
forecast. These costs increase from £1.6 million for the first 
full year of operation to £3.5 million for the 25th year.
2.1.4. Rental cost o f  land
The annual cost to Airtricity of the rent paid to 
landowners a t the Clyde site is £1.7 million.
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2.2. M arket benefits
2.2.1. Output revenues
From information given by Airtricity, it has been 
assumed that the output revenues are 5.5 p /kW h, excluding 
the income from Renewables Obligation Certificates 
(ROCs). However, as the counterfactual investment 
scenario would also receive similar output revenue, this 
benefit stream arising from the windfarm will not be 
included in the analysis. If the project were to be assessed 
against a “do nothing” baseline, this would be included as 
a benefit.
The income from ROCs should not be counted in an 
economic analysis. ROCs arise from a support mechanism, 
the Renewables Obligation, designed in part to address the 
externality of greenhouse gas emissions from conventional 
fossil fuel generation, but this does not mean that their 
price accurately reflects the cost of this externality.
The cost of abating a tonne of carbon through the 
Renewables Obligation is calculated to be in the range of 
£212 £447 (Ofgern, 2004). This is significantly higher than 
the Treasury’s social cost o f carbon, which will be used in 
the analysis below. The figure used by the Treasury is £70 
per tonne of carbon (in 2000 prices) as an “illustrative 
point estimate” of relevant damages, with an upper value 
of £140 and a lower value of £35 (Treasury, 2002).
2.2.2. Fuel costs avoided
This is taken to be the cost of gas used for generating 
electricity in the counterfactual investment scenario, 
including the gas transportation costs for delivery to the 
power station. Taking a figure of 35 p/therm (pence per 
therm) as the forecast price to be paid by the electricity 
generators for gas (ILEX, 2006), this translates to a fuel 
cost (assuming 50% thermal efficiency) of 2.06p/kW h.
Recent wholesale gas prices have, however, been around 
80p/therm, equating to a cost of 4.7p/kW h. For sensitiv­
ity, analysis will be undertaken using the gas price range 
applied in the U K  Government’s Energy Review, namely 
from 21 to 53 p/therm (DTI, 2006).
The calculation of avoided fuel costs takes account of 
anticipated seasonal variations in the load factor o f the 
Clyde windfarm, based on average data from existing 
windfarms in Ireland with an equivalent load factor (38%), 
supplied by Airtricity. Greater load factors are achieved 
during the windier winter months, coinciding with periods 
when gas prices are typically higher than average. M onthly 
gas price projections (Ilex, 2005) show a circa 5 pence range 
in price over the year when the mean price is 35 p/therm. 
Converting this to an approximate percentage change from 
the mean per month enabled the calculation of monthly 
prices. Multiplying these monthly prices by the monthly 
load factor increases the annual avoided cost of gas by 
2.6% compared with using one price and the average 
annual load factor. The resulting avoided fuel costs 
for each year o f full operation of the windfarm are 
£43.8 million.
Fuel is a high risk cost stream, not simply because of the 
fluctuation in fuel prices over time, but because the cost of 
fuel co-varies negatively with returns on other assets; i.e. 
when fuel prices increase, returns to other assets decline 
(Awerbuch, 1995). This risk differential motivates argu­
ments for an alternative discounting approach to these 
streams. In this case a rate is therefore applied to the 
avoided fuel cost stream using the Capital Asset Pricing 
Model (CAPM) approach (Awerbuch, 2003). This takes 
into account the extent to which the fuel cost stream co- 
varies systematically with the returns that would be 
obtained on a broadly diversified portfolio of assets.
The mathematical measure of systematic risk, [) (beta), is 
the expected percentage variation in the cost stream when 
returns to a broadly diversified portfolio change by 1%. A 
beta of —0.02 for gas is used by Awerbuch (2006) to 
estimate a market (pre-tax) discount rate of 4.3% for gas. 
By netting out personal and corporate taxes, Awerbuch 
derives a Social Rate of Time Preference (SRTP) value of 
1.7% nominal. Assuming a 3% rate of inflation, this gives 
a real discount rate of —1.1% to be applied to this cost 
stream.
For the coal-fired counterfactual, the cost of coal is 
taken to be £30/tonne, which gives a fuel cost of 
1.16p/kW h (Royal Academy of Engineering, 2004). Using 
the CAPM approach, a real discount rate of —1.3% is 
applied to this cost stream.
2.2.3. Avoided GDP losses
There is empirical evidence from a growing body of 
academic literature that oil price increases and volatility 
dampen macroeconomic growth by raising inflation and 
unemployment and by depressing the value of financial and 
other assets. These losses are in the order of 0.5% of GDP 
for a 10% oil price increase (Awerbuch and Sauter, 2005, 
Awerbuch, 2005). By displacing gas and oil, increased use 
of renewable energy can help nations avoid these macro- 
economic losses. This avoided GDP loss is an attributable 
to renewable energy investments.
It is estimated that this benefit is worth $200/kW 
(£114/kW) for wind energy installations, based on a 
capacity factor of 23% (Awerbuch and Sauter, 2005, 
Awerbuch, 2005). For the purposes of this report, this 
figure has been increased to represent the 38% capacity 
factor of the Clyde project, giving £188/kW, and multiplied 
by the installed capacity (622.8 MW) to give a figure of 
£117.2 million. This is a one-off benefit, attributed to 2009, 
the first full year of the windfarm’s operation.
2.3. Non-market benefits
2.3.1. Carbon emissions avoided
Electricity generated by wind power avoids emissions of 
carbon dioxide through the displacement of conventional 
fossil-fuelled generation. To quantify this benefit, it is 
necessary to estimate avoided emissions. This depends 
on the am ount of electricity produced and electricity
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generating technology displaced. A monetary value can 
then be placed on these avoided costs using a shadow value 
of carbon.
Amount o f  electricity produced by the Clyde windfarm: 
Airtricity expect tha t the Clyde windfarm will have a 
capacity factor of 38%, that is, the site will operate at the 
equivalent o f full power 38% of the time.
The am ount of electricity produced by the windfarm can 
be estimated by
Installed capacity (M ) x  capacity factor
x the number o f hours in a year.
Therefore
Electricity produced =  622.8 MW  x 0.38 x 8760.
This gives 2073 GWh.
Generating sources displaced: In Scotland the immediate 
effect of a windfarm may be to displace the generation of 
electricity from hydropower. Scotland has approximately 
1.3 GW  of hydro-electric plant and 700 MW  of pumped 
storage (Scottish Executive, 2006b), and in an average year, 
hydro generates 12% of Scotland’s electricity needs 
(Scottish Renewables, 2006). However, the displaced hydro 
may then displace coal or gas generation at a later date. It 
is therefore assumed that wind displaces fossil fuel, either 
immediately or via hydro. The three options to be 
considered for the generation sources displaced by the 
Clyde windfarm in this analysis are now discussed.
Option 1— Wind displaces coal-fired generation: I t is 
argued by the British W ind Energy Association (BWEA), 
that in both the short and long term, wind saves on 
emissions from m odem  coal-fired plant (BWEA, 2005). 
This is demonstrated in data published by The N ational 
Grid Company which describes the make-up of plant on 
the system at various times (National Grid Transco, 2004). 
The nuclear and CCGT plant operates continuously 
throughout the day and the output of the coal plant is 
varied to meet demand. It is noted that the output from 
coal plant will not change in response to every fluctuation 
in wind output. I t will be adjusted in response to the 
aggregated change in demand, of which wind contributes/ 
only a small proportion.
In the longer term, as the older coal plants become 
uneconomic, or surplus to requirements due to the 
construction of new gas or renewables, they are shut down.
Average emissions from coal-fired plant are taken to 
be 0.86 kg C 0 2/kW  h, thus this is the C 0 2 saving associated 
with the generation of electricity from wind if it displaces 
coal.
Option 2— Wind displaces the typical grid m ix: The 
carbon intensity of the grid, based on the average grid mix 
is 0.43 kg C 0 2/kW  h (Carbon Trust, 2006). This emissions 
figure is taken from Defra’s “Environmental Reporting 
Guidelines for Company Reporting on Greenhouse Gas 
Emissions” , and is used for the purposes of environmental 
reporting, the U K  Emissions Trading Scheme, and the 
Climate Change Levy agreements.
This figure for electricity was calculated in 1999 based on 
the projected fuel mix for the grid 1998-2000. Actual 
figures may differ from the projections, but it is intended to 
be used by Defra as a constant value for environmental 
reporting until the year 2010 (Defra, 2006).
It is argued that this figure does not reflect reality, 
suggesting as it does that wind will displace coal, gas and 
nuclear in equal measure. Nuclear, for example, being 
baseload plant, and is completely unaffected in its daily 
operations by the addition of new generating plant 
(BWEA, 2005).
Option 3— Wind displaces gas: In its Regulatory Impact 
Assessment for the Renewables Obligation, the DTI 
assumed that the main impact o f extra renewables is to 
reduce investment in new gas combined cycle stations and 
that each T W h would produce 2.5 mtC. This is equivalent 
to a figure o f 0 .38kgC O 2/kW h  (DTI, 2002).
This contradicts an earlier DTI study, which states that 
renewables displacing CCGTs “is unlikely in practice at 
present, because this high efficiency (where efficiency refers 
to the am ount of electricity generated per unit of C 0 2 
emitted), fossil fuel technology is being increasingly 
deployed in the U K ” (DTI, 1999).
The assumption that wind displaces gas is supported by 
the Royal Academy of Engineering (2004) with open-cycle 
gas turbines (OCGT) identified as the most appropriate 
technology if talking about new build rather than just using 
existing plant. I t is also the assumption made by Dale et al. 
(2004).
Carbon dioxide emissions avoided under the three 
scenarios:
Option 1— displacing coal 1.8 million tonnes COz
Option 2—displacing typical 0.9 million tonnes C 0 2
grid mix
Option 3—displacing gas 0.8 million tonnes C 0 2
O f these, wind displacing gas will be the central assumption 
of the study, with wind displacing coal used for sensitivity 
analysis. Wind displacing the typical grid mix is not 
considered further.
Placing a value on the avoided emissions: The technique 
used in this study to estimate the value of the avoided 
emissions is that used by the U K  Treasury to assess the 
societal cost of emissions of carbon dioxide.
HM  Treasury (2002) reviewed all available studies on the 
cost of the physical impacts of climate change. The most 
sophisticated of the published studies reviewed produced a 
marginal damage estimate of £70/tC (2000 prices) for 
carbon emissions in 2000. This increases by approximately 
£1 per tonne in each subsequent year to account for 
increasing damage costs over time.
This figure is subject to significant uncertainty and 
excludes consideration of the probability of “climate 
catastrophes” (and socially contingent impacts of climate 
change that could, potentially increase the size of damages 
considerably.
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As such, the Treasury settles on a figure of £70 per tonne 
of carbon (in 2000 prices) as an “illustrative point 
estimate” of relevant damages, using an upper value of 
£140 and a lower value of £35. This increases by 
approximately £1 per tonne in each subsequent year to 
account for increasing damage costs over time (HM 
Treasury, 2002).
These three values will be used to represent low, medium 
and high values of carbon. One tonne of carbon is equal to 
3.67 tonnes of C 0 2, giving the following figures:
Low £35/tonne carbon or £9.50/tonne C 0 2
Medium £70/tonne carbon or £19.10/tonne C 0 2
High £140/tonne carbon or £38.15/tonne C 0 2
A GD P deflator (HM Treasury, 2006) has been used to 
convert the values into 2006 prices. Thus, the 2006 value 
of a tonne of carbon is £87, which equates to a value of 
£24/€35 per tonne of carbon dioxide.
The annual value of avoided emissions, using the central 
value of carbon increases from £19.5 million in the first 
year of full operation, to £25.4 million in the 25th year of 
operation.
2.4. Non-market costs
2.4.1. Carbon dioxide released during manufacture and 
construction
This figure is based upon a Life Cycle Analysis study 
showing that onshore windfarms pay back the carbon 
dioxide released during their manufacture and construction 
within 0.29 years of operation (Schleisner, 1999).
The value used is 0.29 of a year’s worth of avoided 
carbon dioxide, based on the same conversion factor used 
for the main avoided emissions calculation. This is then 
multiplied by the same value of carbon that has been used 
to value the avoided emissions using the social cost of 
carbon methodology. It is then divided equally over the 
three years o f construction. Using the central value of 
carbon, this cost is £1.8 million for each year of 
construction.
It is im portant to note that no similar calculation has 
been undertaken for the counterfactual investment option 
of a gas-fired power station. This follows the ExternE 
(European Commission, 1999) methodology, whereby the 
fossil fuel cycle only takes into account emissions from 
operation, as these dwarf the emissions from construction. 
For a windfarm, conversely, the only significant emissions 
are from manufacture and construction.
2.4.2. Carbon dioxide released through deforestation
One thousand and seventy hectares of commercial 
plantation will be removed as part of the site preparation 
for the windfarm. In the absence of the proposed 
windfarm, this same area would be deforested, but the
felling would take place over the period to 2098 rather than 
to 2008.
However, there would be no resulting net increase in 
C-02 emissions. The use of these trees meets demand that 
would otherwise be met by the felling of alternative trees. 
Or if the trees were used for co-firing, they might well 
displace coal, thus reducing net C 0 2 emissions.
2.4.3. Visual and noise disamenity fo r  residents and visitors
The principal external costs of windfarms are visual 
impact and noise. Both forms of impact can be assessed 
using market and non-market benefits assessment informa­
tion. However, the application of these methods to specific 
wind installations is minimal and this complicates our 
analysis.
In this section we establish a method to value the impacts 
to residents and visitors based on transferring and 
calibrating existing landscape willingness to pay (WTP)/ 
value information. Our analysis will focus on visual impact 
that reduces these landscape values. The Environmental 
Statement has determined that in contrast to the visual 
impact, the noise impact of the operational windfarm is not 
likely to be significant.
Damages to residents can be measured in two ways. A 
revealed preference approach can be used to consider the 
impact of wind turbines on house price values for proper­
ties in the vicinity. This “hedonic” pricing approach has 
been used to consider the impacts of pylons and cables in 
the UK (Atkinson et al., 2005). The main difference with 
pylons and cables is the presence of a potential health 
impact, which can be valued highly because of a so-called 
“dread” factor. This confounding effect means that using 
revealed data from pylon studies may produce unreliable 
results when transferred to wind installations.
For the purposes of this analysis and in the absence of 
site-specific evidence, we need to make assumptions about 
how any benefit information can be derived by benefits 
transfer.
Landscape amenity valuation: The method proposed to 
value visual impact to landscape from wind turbines 
considers damaged use values among residents and visitors.
The use damage estimate considers the nature of 
intrusion (pre and postconstruction), exposure to intrusion 
(number of residents and visitors per year), and unit 
landscape values (WTP values for the actual intrusion 
category or alternatively WTP for landscape types).
A range of landscape values can be found in studies by 
G arrod and Willis (1995, 1997), Hanley et al. (2005), Price 
(1993) and Hamilton and Schwann (1995).
Typically, the available studies relate to valuation of 
amenity of areas under agri-environmental schemes. Such 
areas will have higher amenity value than the Clyde 
location and we recognize that statutory duties preclude 
resource development in these areas. In the case of the 
Clyde site, recreational shooting under the control of 
landowners takes place, but use of the site for informal 
recreation such as walking/cycling is considered to be
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limited (Land Use Consultants, 2004). The Southern 
U pland Way does, however, pass near the southern 
boundary of the site, with an estimated 5212 visitors to 
the two sections of the route closest to the site (Land Use 
Consultants, 2004). In any case, choosing these W TP 
values will likely overstate the damage estimate here.
Cost calculations are detailed in the following steps:
Step  1: Establish and measure landscape impact. These 
stages describe how we determine the monetary equivalent 
o f a landscape impact caused by turbines. The method 
applies a benefits transfer approach. In other words, we do 
not undertake any primary valuation studies to elicit WTP, 
but attem pt to adjust existing amenity value information.
We suggest site degradation is defined by an ordinal 
impact scale (see Table 2), which can be associated with 
W TP reduction factors. In other words, the W TP or value 
of a pristine landscape is reduced successively by higher 
levels o f intrusion. The estimates in the table are arbitrary 
bu t given time these intrusion classes and factors could be 
elicited as part o f an on-site survey conducted among a 
sample of visitors and residents.
Step 2: Establish WTP. M ean landscape W TP is a value 
transferred from a valuation study covering resident and 
visitor valuation of a similar landscape type. Table 3 
provides a range of transfer values from various landscape 
studies. The landscape types referenced by these values 
correspond to different landscape types across the UK. The 
study by Bullock and Kay (1997) provides a value that can 
be transferred to provide an approximate value in the 
Clyde case.
T able 2
Landscape intrusion scale adapted from  Price (1993)
Landscape intrusion scale W TP reduction  
factor (% )
U nsightly 80 Im plies factor W TP*0.2
U ndistinguished 50 Implies factor W TP*0.5
Slight intrusion 40 Im plies factor W TP*0.6
Distinguished/attractive 30 Implies factor W TP*0.7
Superb/excellent 10 Implies factor W TP*0.9
Spectacular/exceptional 0 Implies factor WTP*1
Step 3: Specify exposure. Exposure to visual impact pre 
and postconstruction is defined as the number of residents 
and visitors likely to experience the landscape impact. 
While there may often be reduced visibility due to rain or 
mist, we do not reduce the values to take account o f this. 
We suggest that apart from detriment to outstanding 
beauty spots, visitation rates can be assumed constant for 
years following construction.
We have used a Geographical Information System (GIS) 
to accurately establish the number of residents (and 
number of households) within the Zone of Visual Influence 
(ZVI) as outlined in the Environmental Statement. The 
outer limit of the ZVI is 35 km from the perimeter of the 
site. Within this area there are just over 220,000 residents 
(just under 98,000 households).
The Environmental Statement contains GIS output 
illustrating the areas within the ZVI from which certain 
numbers of turbine tips can be seen. The numbers are 
grouped into ranges, such as 1-30, 31-60, etc. However, 
there is no attendant information as to how many people 
are resident in these areas. We obtained the source data for 
this illustration, and using a GIS, overlaid it with unit 
postcode data which contains population and household 
numbers for each individual postcode. This information 
was then grouped by distance from the perimeter of the 
site, in concentric bands of 5 km width. The results are 
shown in Tables 4 and 5. Table 4 shows the num ber of 
households, while Table 5 shows the number of residents.
It is clear from both tables that despite the fact that the 
windfarm contains 173 turbines, it will not be possible for 
all turbines to be viewed simultaneously from any residence 
within 35 km of the perimeter. There are nine households 
from which 116-145 turbine tips will be visible, and a 
further nine from which 90-115 tips will be visible, and 
these are located between 20 and 25 km from the site 
boundary.
Exposure for residents will vary both with the number of 
turbine tips visible, and the distance from the perimeter of 
the site. We will apply a “distance decay” function and also 
calibrate the impact depending on the number of turbine 
tips visible.
For visitors we will use the figure supplied in the 
Environmental Statement for the numbers using relevant
T able 3
Environm entally sensitive area landscape values (W TP, £  household /y)
Study Country W TP W TP visitors (£) General Base
residents (£) public (£) year
H anley et al. (1998)— Breadalbane ESA U K 31.43 73.00 22.02 1995
H anley et al. (1996)— M achair ESA U K 13.66 13.37 1995
Garrod et al. (1994)— South D ow n s ESA U K 27.52 19.47 1.98 1992
G arrod et al. (1994)— Som erset Levels ESA U K 17.53 11.84 2.45 1992
G ourlay and W illis (1995)— Loch L om ond ESA U K 20.60 1.98 per visit
G ourlay and W illis (1995)— Stewarty ESA U K 13.00 2.53 per visit
Bullock and Kay (1997)— Southern U plands ESA U K 69.00 83.00 1995
Garrod and W illis (1995)— W TP to m aintain E SA  schem e in England UK 36.35 1994
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Tabic 4
T he number o f  households in areas from which different numbers o f  
turbine tips arc visible, grouped by distance from the site perimeter
Num ber o f  turbine tips visible
1-30 3 1 -60  6 1 -90  9 1 -115  116-145 146-173
Distance from  site boundary (km)
0 -5 255 122 98 0 0 0
5-10 446 62 0 0 0 0
10-15 1653 43 0 0 0 0
15-20 3192 188 29 0 0 0
20-25 2790 323 9 9 9 0
2 5 -3 0 5341 1066 11 0 0 0
30-35 13167 487 1652 0 0 0
Table 5
The number o f  residents in areas from w hich different numbers o f  turbine 
tips are visible, grouped by distance from the site perimeter
N um ber o f  turbine tips visible
1-30 31-60 61-90 91-115 116-145 146-173
D istance front site boundary (km)
0-5 638 307 246 0 0 0
5-10 1011 134 0 0 0 0
10-15 3610 99 0 0 0 0
15-20 7193 433 61 0 0 0
20-25 6904 784 22 22 22 0
2 5-30 12751 2549 22 0 0 0
30-35 29804 1263 3469 0 0 0
sections of the Southern Upland Way. It is estimated that 
annually there are 5212 visitors to the two sections of the 
Southern Upland Way closest to the site (Land Use 
Consultants, 2004).
Step 4: Establish change in landscape value. Damage =  
site degradation (% ) x exposure to visual damage x mean 
landscape WTP.
This should be calculated for each class of residents and 
visitors who suffer exposure, and summed to give the total 
damage.
Application'. Assume the Clyde Valley is constructed in a 
landscape similar to the Environmentally Sensitive Areas 
considered by Bullock and Kay (1997). The latter study 
provides a residents’ WTP value for landscape preservation 
that we assume to be the value placed on a landscape 
without windfarms. This is damaged by turbines, and we 
need to determine the extent o f this damage. The same 
study does not provide a value for visitors, and so we 
transfer the benefit estimate shown for the South Downs 
ESA (Garrod et al., 1994). Consider the value change 
applies to the 71,344 residents who can see at least 1 
turbine tip from within the 35 km ZV1 and the estimated 
5212 visitors per annum to the two sections of the Southern 
Upland Way closest to the site (Land Use Consultants, 
2004).
Visitors: Assume around 2500 suffer “unsightly” intru­
sion, and 2712 are in the “undistinguished” impact 
category. From Table 2 implied impact scores are 80% 
and 50% of WTP values, respectively. From Table 3 non­
resident WTP £19.47/year.
Visitor WTP reduction “unsightly” from Table 
3 =  (0.2 x £19.47) =  £3.80 
Welfare reduction per visitor per year =  £19.47—£3.80 
=  £15.67 
Visitor WTP reduction 
“undistinguished” =  (0.5 x £19.47) =  £9.70 
Welfare reduction per visitor per 
year =  £19.47—£9.70 =  £9.77 
Visitor weighted 
loss =  (2500 x £15.67) + (2712 x £9.77) =  £65671.2 per 
year
Note that this assumes constant visitor numbers, but 
these may also change in the postconstruction era. They 
may well increase, as visitors may be attracted to the 
viewing platform. It is likely that such visitors, through 
self-selection, might have a positive view of the windfarm. 
Moreover, as discussed below, we may also wish to assume 
a factor for a changing social perception of wind energy in 
the environment. This may vary between residents and 
visitors. However, for the time being, we incorporate this 
estimate into our spreadsheet.
Residents'. The number of residents in areas from which 
different numbers o f turbine tips are potentially visible was 
indicated in Table 5. These residents are grouped by 
distance from the site perimeter in 5 km intervals.
Following the landscape intrusion scale outlined in Table 
2, those who can view 61-90 turbine tips are deemed to 
suffer “unsightly” intrusion. This gives an implied impact 
score of 80% of WTP values, taken from Table 3 to be £69 
per resident per year. This and other impact scores are 
shown in Table 6.
The reduced visual intrusion through increased distance 
from the site perimeter is accounted for by adjusting the 
weighting for each 5 km grouping. Those residents within 
0-5 km of the site perimeter are attributed the full value
Tabic 6
Impact scores and related annual welfare loss per resident based on  
number o f  turbine tips visible, taking a residents W TP o f  £69 from Bullock 
and K ay (1997)
N o  o f  turbine tips 
visible







146-173 N /A N /A
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Table 7
W eightings given to residents’ W TP value based on  distance from  
perimeter o f  site






2 5 -3 0 10
3 0-35 5
based on the visibility impact scores. The weightings for 
this and each subsequent distance band are shown in 
Table 7. These weighting estimates are arbitrary but given 
time they could be elicited as part of an on-site survey 
conducted among a sample of residents.
As an example, the visual disamenity for the 134 
residents who can see 31-60 turbine tips and live 5-10 km 
from the site is calculated as follows:
The 134 residents have a visual impact score of 75%, 
which means an individual annual welfare loss of £51.75 
(£69 x 0.75). Cumulatively this is £6934.50. This is then 
weighted by distance, so 75% of this value is taken, 
giving a weighted cumulative annual welfare loss of 
£5200.87.
This process is repeated for all the residents in each 
visibility and distance grouping, giving a total welfare 
loss o f £501,533.41 per year. Combining this with the 
welfare loss to visitors gives an overall welfare loss due 
to visual disamenity of £567,000 per year.
Changing perceptions o f  wind energy in the environment: 
Two elements need to be mentioned at this point. The first 
is that anecdotal evidence appears to suggest that residents 
become accustomed to windfarms, which engender a sense 
o f civic pride in installations that are effectively agents of 
environmental good. N o studies have assessed this element 
in terms o f a monetary valuation, but in traditional: 
economic terms, it would suggest that the value o f any 
disamenity impact should fall through time rather than 
being an invariant cost in the CBA. Local part-ownership 
of a windfarm may also improve perception among 
residents (Toke, 2005), along with local employment or 
donations for community facilities through planning gain 
from the development.
The second factor is that visual intrusion is essentially 
reversible. I t is unclear whether the transferred W TP values 
we might use here are for changes that were portrayed as 
irreversible. This has to make a difference.
2.4.4. Non-use disamenity
The visual impact o f a windfarm is essentially site 
specific and varies according to the existing landscape, and 
the level to which residents and visitors are “exposed” to
the impact. A complicating factor is added by the non-use 
disamenity of landscape change. In other words, beyond 
local impacts, wider populations of the UK may have 
preferences over the impacts of installations, irrespective of 
whether they actually experience them directly. They are 
simply damaged in a passive way by the knowledge of 
installations influencing landscape form.
Interest in the concept and measurement of non-use 
value is not new and there has been considerable 
theoretical and methodological debate in the area of 
environmental economics concerned with nature and 
heritage conservation. This literature has developed the 
basis for using stated preference methods (contingent 
valuation and choice experiments) to determine the 
economic or monetary value of non-use impacts. This is 
a development that is now recognized as a legitimate 
process in public appraisal (e.g. the Treasury Green Book).
The existence of non-use or passive value is intuitive for 
celebrated and iconic landscapes, but not necessarily so for 
all landscapes. I t is, however, difficult to argue that these 
values do not exist and the existence of empirical estimates 
does give substance to a popular debate that is largely 
uninformed by data.
Unfortunately, the stated preference literature does not 
provide general rules to help us determine the size of non­
use value nor how values might change in relation to 
different landscapes or the proximity of the individual 
preference holder to the environmental attribute in 
question. To deal with this, our analysis can either attempt 
to transfer existing estimates from previous studies or 
determine these impacts on a case-by-case basis. Account­
ing for this impact is more complex than the use (residents 
and visitor) impacts, which can at least be calibrated by a 
fixed number of “ damaged” individuals, i.e. a range can be 
placed by measuring residents in proximity to installations 
and visitor numbers to the vicinity.
There are several existing valuation studies addressing 
the impact of wind energy (Alvarez-Farizo and Hanley, 
2002; Ek, 2002; Navrud, 2004) These studies suggest that 
non-m arket impacts can be as high as £17 per household 
per year. A study that explicitly considers the nature of 
visual landscape impact in Scotland has been conducted by 
Bergmann et al. (2006). But even this study does not 
actually show specific installations in a landscape context. 
Instead, the study uses stated preferences to consider the 
impacts of infrastructure (visual, wildlife and air pollution) 
in a somewhat abstract way and the values that emerge 
from the choice experiment are not site or project specific. 
In essence, the authors target the non-use category of 
respondents mentioned above, and effectively the values 
they derive can be argued to apply to the whole population. 
These values are then assigned to what they consider to be 
typical infrastructure intrusions, which in their onshore 
wind case am ount to a 160 MW  windfarm. There are many 
possible criticisms of this study. The main criticism is that 
respondents to the survey never actually get to see a case of 
windfarm intrusion on which to base their responses.
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Moreover, the distinctions between low, moderate and high 
landscape impacts are unclear and some of the econometric 
models suggest that impacts are actually statistically 
insignificant, thus rendering the results of limited value.
The upper limit o f damages suggested in the Bergmann 
study is that the average Scottish household suffers an 
annual welfare loss o f £19.40 from the major landscape 
impact. The study suggests that this impact is associated 
with a “ large” windfarm (160 MW—80 turbines). The 
622 MW Clyde project, has more than double the number 
of turbines (173) and almost four times the installed 
capacity of this hypothetical example. If this is truly an 
annual welfare loss in the presence of the Clyde proposal, 
then the aggregate value (if multiplied by the 2.1 million 
Scottish households) is £40.74 million per year. A t this 
point, and in the absence of primary research, we suggest 
that this is the upper limit of the non-use damage 
attributable to the Clyde installation, even though the true 
estimate is likely to be lower.
There are several reasons for this. The first is that the 
Bergmann estimate is not site specific and in fact may lead 
respondents (in their stated preference study) to infer 
damages associated with all wind installations, including 
assumptions about iconic landscapes, rather than at 
specific locations of lesser scenic value.
The second is the population over which this value might 
be applied. For the sake of argument in determining our 
“worst case” , it could potentially be that all Scottish 
households are damaged and that the value of £19.40 
should be ascribed to each household. But for landscapes 
of lesser scenic value, it could reasonably be expected that 
the value held will diminish with distance from the site. 
This suggests that fewer households will be damaged, 
thereby leading to a lower aggregate value of damages.
Further reasons for adjusting the extent of the Bergmann 
estimate can be justified with reference to the nature of the 
respondent sample used in the study (i.e. the balance 
between rural and urban respondents). Furthermore, the 
possibility that opposition to wind installations might 
diminish through time with increasing acceptability of the 
technology would mitigate against using the Bergmann 
estimate as an invariant annual value. Flowever, we do not 
attem pt to adjust the value, nor do we introduce alternative 
estimates for non-use value at this point. The non-use 
disamenity value of £40.74 million will therefore be 
attributed to each year o f the project’s construction and 
operation.
3. Results and sensitivity analysis
All cost and benefit streams are discounted at the UK 
Treasury’s social discount rate of 3.5%, except for the 
avoided fuel cost stream. In most scenarios this is 
discounted at a rate of —1.1% for gas, and —1.3% for 
coal, a figure obtained by using the Capital Asset Pricing 
Model (CAPM) approach (Awerbuch, 2006). For compar­
ison there are two scenarios, one each for coal and gas,
where the fuel cost stream is discounted at the Treasury 
rate.
From Table 8 it can be seen that for the eight main 
scenarios considered, the project delivers a positive net 
present value ranging from £780 million to £2.3 billion 
before accounting for the non-use disamenity impact. 
Applying the non-use disamenity present value of £720 
million (based on a non-use welfare loss of £19.40 for 
each of the 2.1 million Scottish households (Bergmann 
et al., 2006), the project still returns a positive net present 
value for each scenario. This ranges from £60 million to 
£1.5 billion.
The final row indicates the maximum annual household 
non-use welfare loss, for each o f the 2.1 million Scottish 
households, that could be sustained while still returning a 
positive net present value under each scenario. That is to 
say, the project would still deliver a welfare gain to 
Scotland even if this non-use disamenity value were held. 
This figure ranges from £21.01 up to £60.97.
I t is of greatest interest to note the sensitivity of these 
results to the number of households to which the non-use 
value of £19.40 is applied. If the figure were applied to 2.28 
million rather than 2.1 million households, the net present 
value for the gas scenario where the fuel is discounted at 
the Treasury rate would be negative.
3.1. Sensitivity to gas prices
It can be seen from Table 8 that in all but one of the 
scenarios (wind displaces gas, with a low value of carbon), 
the benefits arising from avoided GDP losses and carbon 
savings are greater than the sum of the costs (excluding the 
non-use disamenity value). That is to say, in an analysis 
that did not take account of the non-use disamenity value, 
even if the avoided costs of gas were to drop to zero, the 
benefits would outweigh the costs in most scenarios. Thus, 
it is the application of the non-use value that renders the 
avoided gas costs so significant for the project NPV.
The results in Table 8 refer to a gas price of 35 p/therm. 
Table 9 shows the sensitivity to gas prices, using a high 
price of 52 p/therm, and a low price of 21 p/therm, as used 
in the UK Government’s Energy Review (DTI, 2006).
In all but one of the scenarios in Table 9, the project still 
returns a positive NPV even with the inclusion of the 
£19.40 non-use figure applied to 2.1 million households. In 
the one scenario where a negative NPV is returned, the 
maximum annual household welfare loss, for each of the 
2.1 million Scottish households, that could be sustained 
while still returning a positive net present value would be 
£13.56.
4. Discussion
The significance of the non-use value is clear from Table 
8. It is roughly twice the size of all the other cost categories 
pu t together for the gas counterfactual, and over four times 
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Tabic 9
Sensitivity to gas prices
Sensitivity to gas prices C A PM  fuel Treasury 
discount discount rate
Central value o f  carbon
CAPM  fuel discount
High value o f  Low value o f  
carbon carbon
G as price 21 p/therm  
Project N PV  before non-use disam enity 903 503 1242 733
Applying non-use disam enity value to project N PV
Bergmann et al. (2006) £19.40 non-use disam enity value applied to 2.1 720 720 720 720
m illion Scottish households
N et project benefit after application o f  non-use value 183 - 2 1 7 522 13
M axim um  household non-use disam enity value that would still return a 24.33 13.56 33.47 19.75
positive N PV  (£)
G as price 52 p/therm  
Project N P V  before non-use disam enity 2105 1115 2444 1935
Applying non-use disam enity value to project N PV
Bcrgmann ct al. (2006) £19.40 non-use disam enity value applied to 2.1 720 720 720 720
m illion Scottish households 
N et project benefit after application o f  non-use value 1424 1135 2483 1254
M axim um  household non-use disam enity value that w ould still return a 58.78 30.6 66.92 53.2
positive N P V  (£)
As mentioned above, the cumulative non-use value is 
based on the arbitrary choice of applying the £19.40 to all 
Scottish households, of which there happen to be 2.1 
million. Under the gas scenario where the fuel is discounted 
at the Treasury rate, the net present value is negative when 
the non-use figure is applied to 2.28 million households, a 
Scottish households figure that would arise if the Scottish/ 
English border happened to be drawn 30 miles further 
south.
This raises an im portant issue for the application of non­
use value—the placing of bounds. Is an administrative 
boundary really appropriate? Would a windfarm that is 
closer to Carlisle than it is to Perth not have a greater non­
use effect on those immediately over the border in 
England? If  a similar windfarm were built in England 
should the non-use value be applied to all 21 million 
households, or is there a distance decay function that can 
more readily capture the non-use disamenity value of a 
specific installation?
There is also the issue of how this non-use value might 
vary through time. With an increasing number of wind- 
farms being developed, would the non-use disamenity value 
associated with each marginal installation increase or 
decline? If tackling climate change becomes a far more 
significant priority as far as the public are concerned, 
would there be a greater acceptance of wind installation, 
m arked by a declining non-use disamenity value?
5. Conclusion
The analysis presented in this report demonstrates that 
under standard assumptions, with the windfarm displacing
a gas-fired power station, and including a reasonable 
accounting for local disamenity impacts, the Clyde project 
delivers a net welfare gain of £1445 million.
When the only available estimate for the non-use 
disamenity value for a large (160 MW, 80 turbine) wind­
farm in Scotland (of £19.40 per household per annum for 
all 2.1 million Scottish households) is imputed, this reduces 
the welfare gain to £726 million. W hat this result means is 
that the Clyde project still delivers a net welfare gain to 
society.
That this non-use disamenity value can reasonably be 
applied to the Clyde windfarm in this way is far from 
certain. There are some very good reasons for doubting 
that this represents the true non-use value associated with 
this project.
A number of research questions follow from this 
analysis. The most pressing appears to be the investigation 
of the non-use value cost category associate with wind- 
farms. Specifically, further investigation is warranted to 
determine how this value varies across survey respondents 
when they are given further information on the location of 
windfarms. It would seem inappropriate to assume that 
this value is not invariant with location of both the 
windfarm and the respondent, the number of windfarms 
or through time. But there is currently no research that 
proves this.
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